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1.0  INTRODUCTION 
 
1.1 Introduction 

This Design Report for the Attachment Z-1 Remedy (the “Design Report”) has been 
prepared for the Enviro-Chem Superfund Site (“ECC Site” or the “Site”), located in Zionsville, 
Indiana.  It is submitted by ENVIRON International Corporation (ENVIRON) on behalf of the ECC 
Site Trust (the “Trust”).   
  
1.2 Background 

As presently configured, the SVE system that has been installed at the ECC Site has not 
achieved the subsurface water cleanup standards in the till, which are set forth in Table 3-1 to 
Revised Exhibit A.  The United States Environmental Protection Agency (USEPA) and Indiana 
Department of Environmental Management (IDEM) are concerned that failure to achieve those 
cleanup standards may, over time, have an adverse effect on water quality in Unnamed Ditch, which 
is located adjacent to the eastern portion of the Site.  For that reason, Revised Exhibit A, the 
Consent Decree, and the amended Record of Decision1 (ROD) provide for specific Additional Work 
to be performed if USEPA determines that those standards were not met within a 5-year period, 
unless the parties agree otherwise. 

These standards were not met within the 5-year period provided in the Consent Decree.  The 
agreed modifications to the “Additional Work” provisions of Revised Exhibit A and the Consent 
Decree were presented in Attachment Z-1.  The Attachment Z-1 Remedy includes an augmented 
soil vapor extraction (SVE) system that augments the existing SVE system by installing additional 
SVE trenches generally along the alignment of a ground water collection trench previously required 
as Additional Work in Revised Exhibit A to the Consent Decree.  The new SVE trenches will be 
connected to the existing SVE system and will be operated using all of the basic operations of the 
existing SVE system equipment.  In order to provide additional protection to Unnamed Ditch, the 
Attachment Z-1 Remedy also includes a perimeter thin barrier curtain wall (TBCW), which was 
constructed in May 2006, and a permeable reactive gate system (PRGS).  The Attachment Z-1 
Remedy enhances and replaces the water interception trench originally required as the Additional 
Work in Revised Exhibit A.  The Attachment Z-1 work will be conducted under the Additional 
Work provisions of the Consent Decree, as amended. 

After construction of the augmented SVE trenches and the PRGS is completed, there will be 
several distinct phases for the operation of the modified Additional Work.  The activities will be 
different for each period.  The periods and the associated activities are as follows: 

                                                 
1 The original ROD for the Site was issued in September 1987, and the Amended ROD was issued in June 1991. 
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• Active Phase.  This is defined as the period of operation of the augmented SVE trench 
system. 

 
• Phase I Monitoring.  This is defined as the 1-year period beginning when the Soil 

Vapor Standards have been achieved in the augmented SVE trenches.  At the completion 
of the Phase I Monitoring period, Phase II Long-Term Monitoring will begin at the Site. 

 
• Phase II Long-Term Monitoring.  This is defined as the period following the 

completion of Phase I Monitoring.  Phase II Long-Term Monitoring is divided into 
Phase II(a) and Phase II(b), as noted below. 
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2.0  ATTACHMENT Z-1 REMEDY DESIGN 
 

2.1 Attachment Z-1 Remedy Activities 
 The TBCW, piezometer installation, and till water pump test portions of the Attachment Z-1 
Remedy have been completed.  The TBCW was installed along the east, south, and southwest sides 
of the Site in May 2006.2  Four sets of three piezometers were installed in June 2006 along the 
length of the TBCW.  For each set of piezometers, one piezometer was installed in the till unit 
downgradient of the TBCW, a second piezometer was installed in the till unit upgradient of the 
TBCW, and a third piezometer was installed within the sand and gravel unit, adjacent to the 
upgradient till unit piezometer. 

The till water pump test was completed in July 2006.  The Till Water Pump Testing Report, 
which contained descriptions of the performance test methodologies, test observations, and results, 
was submitted in August 2006.3  This report concluded that there is no hydraulic connection 
between the till unit and the underlying sand and gravel unit in the northern and central portions of 
the Site (based on the results from well T-1), on the south and southwest sides of the Site (based on 
the results from well HS-1), and in the southeast corner of the Site (based on the results from well  
HS-2).  Accordingly, the results of the till water extraction tests indicate that it will not be necessary 
to use vertical SVE wells in place of Trench Segments 5 and 6; rather, SVE trenches can be 
installed and operated across the entire alignment of the proposed augmented SVE trench system. 

Technical Specifications for the major construction components of the Attachment Z-1 
Remedy are included in Appendix C.  The sequence of activities for implementing the remaining 
tasks of the Attachment Z-1 Remedy is presented below. 

 
• Site preparation, including installation of a water storage tank, granular activated carbon 

(GAC) units in the Treatment Plant, and reconfiguring to allow separate treatment of 
ECC water and Third Site water. 

 
• Installation of SVE trenches along the east, south, and southwest sides of the Site. 
 
• Monitoring of surface and subsurface water for compliance with Site-Specific 

Acceptable Concentrations (Table 2-1). 
  

                                                 
2 The Construction Completion Report for the TBCW is included as Appendix A. 
3 The Till Water Pump Test Report is included as Appendix B. 
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• Collection and treatment of subsurface and till water and soil vapors via the augmented 
SVE trench system until attainment of the Soil Vapor Standards listed in Table Z-1-3 of 
Attachment Z-1 (incorporated herein as Table 2-2). 

 
• After SVE operation, treatment of trench system till water using the PRGS. 
 

2.2 Site Preparation and Site Controls 
  

2.2.1 Support Zone Facilities 
Prior to installation of the remaining Attachment Z-1 Remedy components, the 

Contractor will establish an on-site Support Zone for “clean” operations.  The location of the 
Support Zone is shown on Drawing C-2.  The Support Zone will contain temporary Site 
facilities, including an office trailer, toilet facilities, vehicle parking areas, utility hookups, 
equipment staging areas, and container staging areas for potentially contaminated materials.  
An office trailer, some utility hookups, vehicle parking areas, an access road, and a 
decontamination pad currently exist at the Site.  If necessary, designated parking areas will 
also be located along the access road to the Northside Landfill.  Locations for certain 
Support Zone facilities are depicted on Drawing C-2; however, the Support Zone facility 
locations may be adjusted by the Contractor, with the approval of the Trust’s Engineer. 

 
2.2.2 Erosion and Sedimentation Control Measures 

During construction, soil erosion and sedimentation control measures will be 
undertaken, in accordance with Indiana Best Management Practices,4 between all potential 
sources of exposed erodable soils and the nearest surface water (e.g., Unnamed Ditch or 
ECC drainage ditches).  Existing silt fencing may be utilized if it is repaired and 
accumulated soils are removed.  Sediments trapped behind silt fences will be excavated 
during and after completion of construction and spread in areas that are not subject to 
erosion prior to restoration of those areas (e.g., placement of topsoil, seeding, etc.). 

Visual assessments will be performed during construction activities to determine the 
need for dust control.  Typical dust control methods include water application and 
modifications to hauling routes. 

 
2.2.3 Site Access Restrictions 

Access restrictions will be implemented during the construction activities and during 
the Active Phase and Phase I Monitoring.  Thereafter, access restrictions may be modified, if 

                                                 
4  See “Indiana Handbook for Erosion Control in Developing Areas” and/or 327 IAC 15 Rule 5 for guidance regarding 

Best Management Practices. 
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USEPA agrees, as provided in the USEPA June 2006 Explanation of Significant 
Differences.  All personnel and visitors will be required to sign in and out at the main office 
of Boone County Resource Recovery or the project construction trailer.  No visitors without 
proper protective equipment and training will be allowed on site during intrusive 
construction activities.   

Access restrictions will include the maintenance of an 8-foot high chain-link fence 
around the perimeter of the Site.  The eastern portion of this fence has been temporarily 
removed for the construction period.  However, the adjacent Northside Landfill fence will 
provide adequate protection during this time.  The eastern fence will be replaced at the 
beginning of the Active Phase. 

 
2.3 Augmented SVE System Overview 

The augmented SVE system will be used for SVE treatment of the shallow till along the 
east, south, and southwest sides of the Site.  The existing SVE system will be augmented by 
additional trenches, which will be connected to the existing SVE system and will be operated using 
the nine basic operations of the existing SVE system.  The nine basic operations are as follows: 

 
1. Aeration and equalization of “raw water” collected from dewatering of the trenches. 
 
2. Transfer of the water to the Treatment Building using influent feed pumps. 
 
3. Filtration of the influent water using total suspended solids (TSS) filters. 
 
4. Water treatment using a counter-current tray aeration air stripper. 
 
5. Combining the air stripper “off-gas” with the SVE “air header pipe.” 
 
6. Absorption of organics in the combined air stream using GAC prior to release to the 

atmosphere. 
 
7. Filtration of air stripper effluent water through additional TSS filters. 
 
8. Absorption of residual organics in the filtered air stripper effluent water using GAC. 
 
9. Discharge of treated water to Unnamed Ditch. 
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Contaminated moisture in the sand lenses is likely to be the principal mechanism by which 
contamination is transmitted to the trenches.  The SVE system is expected to remove that moisture.  
Free liquid entrained in the vapor removed by the SVE system will be drawn to the Treatment 
Building and will there be removed by gravity in an entrainment separator.  Periodically, water that 
accumulates in the entrainment separator will be pumped to an on-site ECC storage tank for 
subsequent treatment in the on-site Treatment Building and discharged in batches in accordance 
with the substantive requirements of applicable federal and state laws, and meet the effluent limits 
included in Table 2-3.   

Existing vacuum pumps will be used for the collection of contaminants via soil vapors.  The 
collected soil vapors will pass through a new carbon adsorption system, which will consist of two 
carbon vessels connected in series, as described in Section 2.6. 

The augmented SVE system adds seven segments (i.e., Segments 1 through 7) to the 
existing SVE trench layout, each of varying length.  The locations of the augmented SVE trench 
segments are shown on Drawing C-3.  The trenches are situated to intercept permeable lenses in the 
till unit, above the sand and gravel unit (see Drawing C-4).  Trench segment coordinates are 
provided in the Design Drawings C-3 through C-8.  A short lateral from the south end of SVE 
Trench Segment 5 extends into Hot Spot Area 2, and a short lateral from the western portion of 
Trench Segment 6 extends into Hot Spot Areas 1 and 1A.   

SVE Trench Segments 4 and 5 are located along the approximate alignment of a sheet pile 
wall section that was installed as part of the 1998 Site work.  The metal sheeting may be removed or 
cut off, as needed, to allow excavation of the trench segments as shown on Drawing C-3. 
 
2.4 Augmented SVE Trenches 
 

2.4.1 SVE Trench Design/Construction 
Each of the augmented SVE trenches will be approximately 24 inches wide.  The 

trench depths are depicted on Drawings C-4 through C-8 and listed in Schedule C on 
Drawing C-10.  The SVE trench excavations will be performed through biopolymer slurry, 
such as natural or synthetic guar gum, to prevent the trench walls from collapsing during the 
excavation and to reduce the potential for heaving of the lower sand and gravel unit at the 
bottom of the excavation.  The Contractor is responsible for supply and storage of water 
used for the biopolymer slurry mix.  Soils excavated from the upper 2 feet of the trench, as 
well as the widened upper portion of the trench discussed below, should be stockpiled 
separately for reuse as surface backfill.  Prior to reuse, the stockpiles will be screened using 
a photoionization detector (PID) and significantly impacted soils will be handled as 
described in Section 2.8. 
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Excavation to exactly the specified elevation is critical.  Excavation beyond the 
design depth may result in the interception of the lower sand and gravel unit, which will 
adversely affect the dewatering of the trench.  Excavation that is more than 6 inches to  
1 foot too shallow could adversely affect the passive water drainage system to the PRGS.  
Biopolymer slurry will be added to the trenches, as necessary, as the excavations proceed to 
maintain the level of biopolymer slurry in the trench to within approximately 2 feet of the 
ground surface. 

After the excavation depth has been verified in each trench segment, the trench 
segments will be backfilled with free-draining, 1- to 2-inch diameter gravel.  At the 
specified location of the trench dewatering well, a 2.5 to 3 feet recessed area will be 
constructed for placement of the well and well pump.  As backfilling is performed, one 
vertical 4-inch diameter polyvinyl chloride (PVC) riser pipe and slotted well screen will be 
installed within the cutout recessed area of each trench segment.  These dewatering wells 
will be used for initial development/biopolymer slurry removal (see discussion below), as 
well as initial and possibly periodic dewatering of the augmented SVE trenches.  Each 
dewatering well will be equipped with a 10-foot vertical section of slotted PVC well screen 
at its base, as appropriate, depending on the total depth of the trench at the respective 
location of the dewatering well.  Solid PVC casing will extend from the well screen to the 
surface (see Drawings C-5 through C-8 and the detail on Drawing C-10).  The Contractor 
may install additional temporary vertical PVC piping for the addition of enzymes and 
flushing activities to dissolve the biopolymer slurry after completing each trench, if desired. 

As each trench is backfilled, horizontal 4-inch diameter solid PVC PRGS 
conveyance piping and a slotted 4-inch diameter horizontal PVC pipe (SVE screen) will be 
installed.  The SVE/PRGS piping in Trench Segments 1 through 7 is shown on Drawings  
C-5 through C-8.    

The PRGS conveyance piping placement has been designed to transfer by gravity the 
water collected in the trench segments during the Phase I Monitoring and Phase II Long-
Term Monitoring periods to a PRGS collection manhole.  In order to ensure proper flow to 
the collection manhole, the depth at which each pipe segment is installed is also critical and 
must conform exactly to the elevations shown on Drawings C-5 through C-8 and listed on 
Schedule B on Drawing C-10.  At the south end of the PRGS, discharge piping will be 
installed to carry  PRGS treatment vessel effluent to Unnamed Ditch. 

When the trench backfill reaches the design elevation for the PRGS piping, the 
PRGS conveyance piping will be installed through the biopolymer slurry.  The design 
elevations for the PRGS piping is shown on Drawings C-5 though C-8 and are listed on 
Schedule B on Drawing C-10.  At the Contractor’s discretion, if artesian conditions are not 
present, the level of the biopolymer slurry may be pumped down to the level of the top of 
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the gravel backfill during pipe installation.  When the end of the SVE trench segment is 
reached, the PRGS conveyance piping will continue beyond the SVE trench segment, in a 
separate pipe trench, to a connection manhole where a T connection, gate valve, and one-
way valve will be installed.  The PRGS conveyance piping will then continue into the next 
trench segment, if necessary. 

When the trench backfill reaches the design elevation of the SVE piping, the SVE 
screen will be installed horizontally at the design elevation.  The design elevations are 
shown on Drawings C-5 through C-8 and listed on Schedule A on Drawing C-10.5  The SVE 
screen will collect soil vapor during the Active Phase and will collect subsurface water 
during the Phase I Monitoring and Phase II Long-Term Monitoring periods.  The placement 
elevation for the SVE screen and outflow connection to the PRGS conveyance pipe will 
control the potentiometric surface of the till water along the eastern and southern boundaries 
of the Site during the monitoring phases, thereby preventing the buildup of till water on the 
upgradient side of the TBCW. 

The SVE screen will connect to a 10-foot section of non-slotted PVC pipe near the 
end of the trench segment.  The non-slotted section will continue beyond the SVE trench 
segment, in a separate pipe trench, to the adjacent connection manhole.  The SVE pipe 
terminates at the manhole, where a T connection will connect it to the PRGS conveyance 
piping through the gate valve and a one-way valve.  The gate valve will be closed until the 
end of the Active Phase. 

The SVE screen will be fabricated with solid vertical PVC access pipes installed at 
two locations on each of the seven trenches and extending to ground surface.  One of these 
vertical PVC pipes (4-inch diameter) will be installed at the end of the SVE trench segment 
for instrumentation monitoring and will be equipped with a glycol-filled vacuum gage 
(pressure range to be determined in the field).  The other vertical pipe (4-inch diameter) will 
be installed near the center of each of the trench segments and will be connected at the 
ground surface to piping from the existing SVE vacuum blower system.  This vacuum inlet 
pipe will include an adjustable valve, a flow measurement port, sampling port, and vacuum 
gage.   

After the dewatering wells, PRGS conveyance piping, SVE piping, and access pipes 
are installed, the gravel backfill will be placed in the trench to 2 feet below the ground 
surface.  An appropriate enzyme will then be added by the Contractor to dissolve the 
biopolymer.  The trench water containing the enzyme and dissolved biopolymer will be 
sampled and tested, as described in the Technical Specification (Appendix C) and the 
Addendum to the Field Sampling Plan (FSP) in Appendix D.  When the biopolymer has 

                                                 
5 SVE pipe elevation within 0.2 feet of the design elevation is critical to the water collection function of this piping and 

must be maintained.   



   

 -9- E N V I R O N 

been sufficiently dissolved, the solution will be pumped out of the trenches using the 4-inch 
diameter dewatering wells6.  The pumped solution will be either disposed of off site in 
accordance with all applicable laws, rules and regulations, or at Contractor’s option, cycled 
through a biological treatment unit then pumped to the ECC  waste water treatment system.  
If a biological treatment unit is used, the broken guar solution will be aerated and seeded 
with starter biomass to degrade the soluble organic material to meet IDEM biological 
oxygen demand (BOD) discharge limits (see Table 2-3).  The treatment unit design is 
provided in Appendix C, Specification 02210, Section 3.09.  Any biopolymer solution 
displaced during the construction activities or removed from the PVC riser pipes will also be 
handled as described above, and if not disposed of off site, will receive the same biological 
treatment and be sent to the ECC wastewater treatment system.  The wastewater treatment 
system will manage the treated biopolymer solution in accordance with applicable standards 
and applicable relevant and appropriate requirements (ARARs). 

 
2.4.2 Augmented SVE Trench Performance Test 

An initial attempt to dewater the augmented SVE trench segments will occur 
immediately after the removal of the dissolved biopolymer slurry.  Difficulty dewatering the 
trench segments using the maximum anticipated dewatering rate will be an indicator that the 
trench has intercepted the underlying sand and gravel unit, in which case the Contractor may 
be required to grout the sand zone and/or reinstall the trench segment at a shallower depth.  
Assuming that the sand and gravel layer has not been intercepted, the maximum anticipated 
dewatering rate for individual trench segment is expected to be less than 5 gallons per 
minute (gpm).   
 
2.4.3 Augmented SVE Trench Completion 

After initial dewatering/testing (see Section 2.4.2 above), the SVE trench segment 
will be widened approximately 1 foot on each side of the SVE trench, for a total width of 
approximately 4 feet, from the ground surface to 2 feet below the surface to allow for the 
installation of a seal that will minimize vacuum leaks from the ground surface into the SVE 
trenches.  A geomembrane underlain by a non-woven geotextile will be installed 
approximately 2 feet below ground surface over the gravel backfill in each trench and the 
widened section.  The geomembrane may be either high-density polyethylene or approved, 
laminated, scrim-reinforced sheeting.  A patch will be used to prevent vacuum leaks at the 
penetrations for the dewatering well and other riser pipes.  The patches will be secured to 
each well and riser pipe using hose-claps and silicon sealant or manufacturer’s 

                                                 
6 Additional temporary wells may be installed as needed by the Contractor during backfilling to be used for flushing 

the biopolymer slurry. 
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recommended methods.  The configuration and dimensions for the geomembrane seal are 
shown on Drawing C-10.  The soil excavated from the upper 2 feet may be replaced as 
compacted backfill in the top 2 feet of the trench segment if it is not contaminated based on 
observations or PID measurements and it meets the requirements for common fill  
(Appendix C).  The soil above the geomembrane will be compacted in at least two lifts.  

 
2.5 Augmented SVE Piping and Connections 
 

2.5.1 SVE Screen Connections 
The SVE screen and the 4-inch PVC vacuum inlet riser will be connected at the 

ground surface to 4-inch diameter piping that runs to the ECC Treatment Building  
(Drawing C-9).  This 4-inch SVE piping will be fitted to the existing 3-inch diameter SVE 
manifold, (which currently connects to the vacuum/blower) using flexible pipe and camlock 
clamps (Drawing C-9).  Condensate traps with drains will be included in the new piping 
alignment to the Treatment Building and will be drained, as needed, by the Contractor. 

In the PRGS manhole, the SVE piping will be connected to the PRGS piping via a 
gate valve and top operating nut, such as an ASHAI/America GT-B model.  This valve will 
be closed initially, but will allow the connection to the PRGS conveyance piping to be 
opened when SVE activities (i.e., the Active Phase) are complete.   
 
2.5.2 PRGS Piping Connections 

As noted above, a T will be incorporated into each horizontal SVE screen, which 
will connect the SVE pipe to the PRGS conveyance pipe in the manhole beyond each SVE 
trench segment.  A one-way check valve will be installed between the two pipes.  A gate 
valve to be installed just before the T, will be closed during the Active Phase and opened 
during Phase I Monitoring and Phase II Long-Term Monitoring Phases.   

Another T connection and valve will be installed in line with the PRGS conveyance 
piping at each manhole.  The valve will control the PRGS pipe connection between trench 
segments.  This valve will be closed during the Active Phase and opened during the Phase I 
Monitoring and Phase II Long-Term Monitoring periods.  When the SVE pipe gate valves 
and the PRGS pipe valves are opened, ground water accumulating in the SVE trenches 
above the SVE screen elevation will be conveyed by gravity south to the PRGS collection 
manhole.  This water will be pumped to a PRGS treatment vessel to be installed during SVE 
trench segment construction. 

The other end of the PRGS pipe T section will be capped for future clean out of the 
piping, as needed. 
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2.5.3 Dewatering Piping 
The dewatering well in each of the trench segments will be fitted with a submersible 

pump with 1.25-inch PVC piping leading to 0.75-inch diameter PVC piping.  A Grundfos 
10-Rediflow-3-100, or approved equivalent pump, shall be used in each well.7  The  
1.25-inch piping will connect to 0.75-inch piping near the ground surface and run along the 
ground to one of two temporary aboveground water tanks (500-gallon capacity).  Heat 
tracing of the dewatering piping and tank heaters are included in the design for freeze 
protection.8  The 0.75-horsepower submersible pumps installed in each temporary 
aboveground water tank will send the collected water to a new 150,000-gallon water storage 
tank (Tank T-5) to be added near the Treatment Building.  Piping from the temporary water 
tanks (Tanks T-6 and T-7) will be 1.5-inch diameter PVC.  Tank T-5 will be connected to 
the existing piping for transfer to the Treatment Building.  Dewatering piping is shown on 
Drawing C-11. 

 
2.5.4  Electrical Connections  

The dewatering well pumps (i.e., 1/3-horsepower, single-phase, 115-volt pumps), 
dewatering well pump control switches, transfer pumps in each temporary water tank, pump 
control switches in each temporary tank, and the pump/diffuser in the new 150,000-gallon 
storage tank all will require power to operate.  Conduits will run from the electrical panel(s) 
at the Treatment Building to junction boxes installed at each dewatering well.  
Instrumentation (switch) cables will be separate from the power supply lines.  The addition 
of an electrical panel is anticipated.  Drawings E-1 and E-2 provide the general electrical 
requirements.  Electrical system details are to be determined by the Contractor to the extent 
not provided in the design and in accordance with local codes.  Power supply lines may be 
re-located to be near the PRGS collection manhole pump at the end of the Active Phase. 

  
2.6 Soil Vapor and Water Treatment System Design/Upgrade 

The existing ECC treatment facility may  be used for the treatment of the excess guar slurry 
solution as provided in Section 2.4.1 and will be used for the treatment of contaminated subsurface 
water and soil gas collected during the dewatering efforts and Active Phase.  As shown on 
Drawings C-11 and P-1, the subsurface water will be pumped from the augmented SVE trenches to 
two temporary tanks (T-6 and T-7), then to Tank T-5 before being conveyed to the existing ECC 
Treatment Building, via existing underground piping and existing centrifugal transfer pumps.  Tank 
T-5 will be equipped with a differential pressure transmitter or approved switches to control the 
centrifugal transfer pumps (pump on, pump off, critical high-level, and critical low-level).  The 

                                                 
7 The pump will not be installed unless measurable water accumulates in the dewatering well. 
8 The dewatering is expected to be temporary and performed during non-freezing conditions. 
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existing Program Logic Controller (PLC) in the ECC Treatment Building will be upgraded to 
provide connections to shut down the pumps in the augmented SVE trenches if critical levels are 
reached in the storage tanks or any of the treatment system transfer pumps shut down. 

The existing SVE system includes two 60-horsepower vacuum pumps, each with a design 
vacuum of 10 inches of mercury and a design backpressure of 1.25 inches of mercury.  The design 
airflow is 1,175 cubic feet per minute (cfm) per blower and the design discharge temperature is less 
than 175 degrees Fahrenheit (°F).  Prior to treatment, the vapor is cooled to increase effectiveness of 
the carbon units.  The heat exchanger has a normal airflow of 2,400 cfm and a normal water flow of 
0.75 to 7 gpm.   

A 1998 performance test of the vacuum pumps showed a flow rate for each blower of  
1,290 standard cubic feet per minute (scfm) with a vacuum of 10 inches of mercury.9  The existing 
SVE system has approximately 4,300 feet of trenches, which is equivalent to 0.6 scfm per foot of 
trench with both blowers operational.  The augmented SVE system will have approximately 975 
feet of trenches, which is equivalent to 1.32 scfm per foot of trench with a single blower 
operational.  Even with the addition of an ex situ SVE treatment cell (maximum 300 feet of 
additional SVE line); one of the existing blowers is expected to be sufficient to power the 
augmented SVE system. 

For this augmented SVE system design, the source of contaminants to be extracted is 
associated with till water and the soils in contact with the granular lenses.  The system will allow for 
the collection of vapor samples from the individual SVE trenches or the combined air stream.  Also, 
the extracted vapors can be monitored continuously by in-line instrumentation, including a PID and 
moisture analyzer.  The on-line analyses will be used for screening and operations optimization. 

The SVE system will be capable of removing moisture along with the soil vapor that 
accumulates in the SVE trenches.  Free liquid in the extracted vapor will be separated by gravity in 
an entrainment separator in the Treatment Building.  A level control system will be utilized to 
control the removal of water that accumulates in the entrainment separator as required.  The existing 
separator tank is equipped with a vacuum breaker system, which will open the tank to the 
atmosphere to permit water to be transferred by pump from the separator to Tank T-5, as necessary.   

The exhaust from the soil vapor vacuum pump system is connected to a two-stage carbon 
adsorption system (i.e., primary and secondary).  This system consists of two vessels in series 
containing GAC that will be used by the adjacent Third Site.  New GAC vessels will be added for 
treatment of ECC wastewater.  The organics contained in the extracted air will be adsorbed on the 
activated carbon.  The moisture content of the air stream will be less than 50% relative humidity, 
and temperatures will be maintained below 150 °F by a cooling system.  These conditions allow for 
efficient operation of the carbon adsorption unit. 

                                                 
9 Documented by Versar in the Draft Soil Vapor Extraction System Start-Up Report for the Enviro-Chem Superfund 

Site, Zionsville, Indiana, dated May 1999. 
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The vapor from the primary carbon vessel will be monitored frequently by an existing on-
line organic analyzer.  When the organic analyzer detects organic vapor in the air stream between 
the primary and secondary carbon vessels, the SVE system will shut down automatically to permit 
the removal and replacement of the “spent” primary carbon vessel.  An operator will be alerted to 
this condition by the shutdown alarm, and will disconnect the primary carbon vessel from service.  
The spent carbon vessel will be removed and a carbon vessel containing fresh activated carbon will 
be placed in operation.  The unit previously serving as the secondary carbon bed will become the 
primary carbon bed and the unit just placed in operation will be the secondary carbon bed.  Once 
this switch is complete, the SVE system (i.e., vacuum pump and injection pump) will be restarted 
and the system operation resumed.  The arrangement of two activated carbon vessels in series  
(i.e., primary and secondary) will permit optimal utilization of the activated carbon, and efficient 
capture of the organics.  The spent carbon vessels will be temporarily stored on site.  The inlet and 
outlet connections to each carbon vessel will be capped and sealed appropriately.  Periodically when 
a truckload quantity of vessels has accumulated, and at the conclusion of the Active Phase, the 
vessels containing the spent carbon will be transported in accordance with the requirements of the 
applicable federal and state laws and ARARs to an off-site facility where the carbon will be 
regenerated by high temperature incineration, and in the process, the organics adsorbed on the 
carbon will be destroyed. 

Wastewater discharges and vapor emissions from the existing treatment systems will be 
monitored to ensure attainment of the standards presented in IDEM’s February 1997 Briefing 
Memorandum on ARAR Effluent Limits.  Wastewater treatment will occur in batches, in cooperation 
with the neighboring Third Site usage of the treatment building. 

Additional details concerning the ECC treatment facility and its operation are presented in 
the following Site documents: 
 

• 100% SVE & WWT Design for the RRA at the Enviro-Chem Superfund Site, Zionsville 
Indiana, Versar and Handex, November 14, 1997. 

 
• Operation and Maintenance Manual-Soil Vapor Extraction and Ground Water 

Remediation Systems Enviro-Chem Superfund Project, Handex of Indiana, January 
1999. 

 
• Revised Remedial Action (Exhibit A) – Revision 2, May 7, 1997. 

 
Prior to start of the Active Phase, the following construction activities at the ECC treatment 

facility are anticipated: 
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• Construction/installation of new wastewater tank T-5. 
 
• Installation of two dedicated air and two dedicated water GAC units. 
 
• Installation of valves, as necessary, to maintain treatment stream separate from the Third 

Site water. 
 

• Upgrade of existing electrical panel and addition of a new panel. 
 
• Installation of additional program/connection capability in the existing PLC. 
 
• Reprogramming of the existing teleadialer to access the existing PLC.  A summary of 

the required alarm conditions is provided in Table 2-4. 
 
The Contractor will be responsible for performing all necessary ECC treatment facility 

maintenance and modifications to allow for treatment of the Site ground water and for efficient 
operation and monitoring of the facility An O&M Plan Addendum will be submitted by the 
Contractor for USEPA/IDEM review.  During the SVE operations, daily (weekdays) operator 
monitoring will be required.  Soil vapor sampling during SVE operation, will be conducted by the 
Contractor.  Vapor sampling to demonstrate achievement of the required vapor standards will be 
performed by the Trust’s Engineer with cooperation of the Contractor. 
 
2.7 Permeable Reactive Gate System  
 

2.7.1 PRGS Description 
The PRGS conveyance piping, manholes, and treatment vessel will be installed 

concurrent with the SVE trench construction, but not activated until the Soil Vapor 
Standards have been achieved at the end of the Active Phase.  The PRGS is intended to act 
as a backup system that will prevent build-up of till water on the upgradient side of the 
TBCW and will treat till water that is allowed to leave this area during the monitoring 
phases.  Due to the presence of the cap on the northern portion of the Site, very little till 
water is expected to build up along the upgradient side of the adjacent TBCW.   

The PRGS treatment vessel is a gravity-driven, flow-through treatment system that 
will utilize zero-valent granular iron to degrade chlorinated compounds to inorganic chloride 
and dehalogenated organic compounds.  This treatment technology has been demonstrated 
during numerous bench scale studies, pilot studies, and full-scale remediation projects for 
various chlorinated compounds in ground water and wastewater.  Based on recent research, 
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the predominant degradation pathways are expected to consist of: (1) oxidation of the iron 
due to the presence of dissolved oxygen (DO) in ground water entering the treatment system 
creating hydroxyl radicals that degrade the chlorinated compounds and (2) further 
degradation of chlorinated compounds during reducing reactions with iron, a strong 
reducing agent.  The chlorinated compounds are degraded to inorganic chloride, ethene and 
ethane, partially dechlorinated byproducts (e.g., 1,2-dichloroethene; 1,1 dichloroethene; and 
vinyl chloride) and small-chained hydrocarbons (e.g., methane and propane).  These 
reactions are accompanied by the hydrolysis of water and subsequent formation of hydrogen 
gas.  The partially dechlorinated by-products can be treated further by the same reducing 
reactions with iron given sufficient retention time in the PRGS.  

  
2.7.2 PRGS Design/Construction 

The PRGS will utilize the SVE screen to collect till water, which will then be 
conveyed in separate PRGS piping by gravity to a collection manhole and then pumped to a 
treatment vessel.  The PRGS conveyance piping will be installed in the SVE trenches during 
trench construction.  The connections between the SVE screen and the PRGS conveyance 
piping in the manholes adjacent to the trenches are shown on Drawing C-10.   

PRGS conveyance pipes from the east and west sides of the Site will terminate in a 
PRGS collection manhole located north of the PRGS treatment vessel.  The collection 
manhole will be waterproofed and equipped with a pump to move the water that 
accumulates in the manhole to the PRGS treatment vessel.  A pump removed from one of 
the dewatering wells at the end of the Active Phase can be used.  A pipe will extend from 
the pump in the PRGS collection manhole to the treatment vessel inlet. 

The PRGS approximate location and design details are presented on Drawing C-12 
and in Section 02206 of the Technical Specifications.  The methodology developed for 
design of the PRGS treatment vessel so that it maintains appropriate flow velocities and 
allows for appropriate detention time for treatment of the till water is described in  
Appendix E.  A vent in the vessel hatch is included to avoid build-up of pressures from the 
formation of hydrogen gas during the reactive process.  As discussed in Appendix E, cis-1,2-
dichloroethene (cis-1,2-DCE) is the constituent of concern currently present in the till water 
requiring the longest detention time based on published information on degradation rates in 
PRGSs and maximum concentrations historically detected in subsurface water samples 
collected from till monitoring wells.  The design methodology assumes treatment of the 
collected ground water to concentrations below the Discharge Limits provided in Table 2-3, 
specifically to treat cis-1,2-DCE to below the direct discharge limit of 0.002 milligrams per 
liter established by IDEM on February 27, 1997.  The PRGS treatment vessel will be 
installed at the south end of the Site, north of the TBCW.  The vessel will consist of a 
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fabricated concrete tank, which will be fitted with holes for the influent and effluent pipes, 
an access/sample collection pipe, and a water-tight vented hatch door.  A pretreatment zone 
containing a mixture of granular iron and sand will be placed at the influent (north) end of 
the vessel.  A treatment zone containing 100% granular iron will be placed in the middle 
section of the vessel.  The south end of the vessel contains piping to transfer PRGS vessel 
effluent to the discharge piping.  The effluent pipe will be fitted with an access/sample port.  
The vessel shall include adequate venting (to prevent the buildup of hydrogen gas), water 
proofing, and adequate structural support. 

The primary purpose of the sand/iron pretreatment zone is to remove DO present in 
the influent water, thereby prolonging the effective life of the granular iron treatment bed.  
The sand/iron mixture will contain 10% iron and 90% sand by weight. 

Influent and effluent piping will be installed at the ends of the treatment vessel.  
Perforated piping wrapped with a geotextile and surrounded by a 6-inch deep sand bed will 
be installed at the base of the north and middle sections and will be used to collect water to 
transfer to the next vessel section.  The collection pipe outlet in the middle section will 
extend to a height of at least 1 foot below the inlet pipe in the north section to maintain a 
saturated treatment section and flow. 

The treated (effluent) water will flow by gravity out of the treatment vessel through 
an outflow pipe that extends through SVE Trench Segment 6 and the upper zone of the 
existing TBCW to Unnamed Ditch.  The discharge pipe will be fitted with a valve to prevent 
backflow to the reservoir in the event of surface water flooding of the area outside the 
TBCW.  

 
2.8   Waste Management 
 

2.8.1 Excavated Soil Management 
After removal and segregated staging of the upper 2 feet of soil from the upper 

widened portion of each augmented SVE trench, excess spoils from excavation of the new 
SVE trench segments will be temporarily placed in staging areas adjacent to the trenches so 
that the biopolymer slurry will drain from the spoils and flow back into the excavation.  
Berms and/or silt fencing will be maintained along the Unnamed Ditch to prevent 
biopolymer solids or excavation spoils from entering the Unnamed Ditch. 

Figure 2-1 is a decision tree for the management of the excess excavated trench soils.  
At least one sample from each stockpile of the excavated soil from the augmented SVE 
trench excavation will be obtained and tested as specified in the Addendum to the FSP 
(Appendix D).  Each stockpile of soil (at least one per trench segment) shall be managed 
separately according to the decision tree.  If the stockpile of soil exceeds the Acceptable Soil 
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Concentrations as listed in Table Z-1 in this Design Report10 or the Synthetic Precipitate 
Leaching Procedure (SPLP) test results exceed the Acceptable Stream Concentrations listed 
in Table 2-1, the excavated soils will be handled as follows: 

   
• If the soil exceeds the Acceptable Soil Concentrations, then the soil will be 

treated on site using an ex situ SVE procedure to achieve the Acceptable Soil 
Concentrations.  The ex situ SVE will occur in a treatment cell constructed on the 
Northern or Central SVE Treatment Area.  The ex situ SVE soil treatment cell 
will utilize the existing SVE treatment system (blowers, air GAC) and the ex situ 
SVE will be conducted using the same procedures as trench segments.  The 
design for the ex situ SVE treatment cell is presented on Drawing C-13; however, 
the size will be adjusted based on the volume of soils to be treated.   

 
• If the soil does not exceed the Acceptable Soil Concentrations as listed in  

Table 2-1 (either before or after on-site treatment, if any) it will be analyzed 
using SPLP methods.  If the SPLP of the soil exceeds the Applicable Stream 
Concentrations as listed in Table 2-1, the soil will either be disposed off site 
according to applicable USEPA and IDEM regulations and ARARs or placed 
beneath a 12-inch minimum vegetated soil cover of uncontaminated soils on the 
Northern or Central SVE Treatment Areas. 

 
• If the soil does not exceed the Acceptable Soil Concentrations and the SPLP 

analyses do not exceed the Applicable Stream Concentrations, then the soil will 
be placed on the Northern or Central portions of the Site and vegetated.   

 
 Since the actual volume of soil to be treated will be determined during the 

construction phase, a contractor submittal will be provided with ex situ cell details at that 
time.  The calculations for the anticipated soil excavation volume are contained in Table F-2 
of Appendix F.  If needed, the ex situ treatment cell will contain up to three 4-inch diameter 
slotted PVC pipes connected to non-slotted (solid) 4-inch diameter PVC piping 
approximately 5 feet in from the edge of the treatment cell.  Solid 4-inch PVC piping will 
extend out of the cell and through the wall of the existing Treatment Building.  This piping 
will be fitted with camlock clamps just inside the building.  Flexible hose will be used to 
bridge the connection between the solid 4-inch PVC piping and the existing 3-inch SVE 

                                                 
10 The Acceptable Soil Concentrations reflect adjustments from Table 3-1 of the Consent Decree based on consideration 

of potential human exposure pathways at the Site as provided for in Appendix G, and previously presented in 
Attachment Z-1, Table Z-1-2. 
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manifold piping in the Treatment Building.  The ex situ SVE soil treatment cell shall include 
2-inch diameter, slotted air inlet pipe(s) and a vapor monitoring point as shown on  
Drawing C-13. 

 
2.8.2 Treated Water and Wastewater Storage 

The existing wastewater storage and transfer system is currently operational and is 
configured to treat wastewater from either the ECC Site or the neighboring Third Site.  
During the construction of the augmented SVE system at the ECC Site, the connection to 
Third Site will be closed and the treatment system will be used solely for ECC water.  
Thereafter, the wastewater treatment system may be operated by both ECC and Third Site, 
provided that separate waste streams are maintained.  Simultaneous operation by both ECC 
and Third Site can occur through alternating treatment.  As previously noted, an additional 
raw wastewater tank (T-5) will be required to maintain separate waste streams and will be 
installed prior to SVE trench construction.  Tank T-5 will be constructed using the same 
design details as existing Tank T-2, including liner, cover, diffuser, and leak detection 
system.  The design details for Tank T-5 are presented on Drawing C-14 and in 
Specification 13050. 

Two temporary tanks (T-6 and T-7) will be utilized to collect water from the 
augmented SVE trenches during initial dewatering.  Tank T-6 will be staged near Trench 
Segment 4 and will receive water from Segments 1, 2, 3, and 4.  Tank T-7 will be staged 
near Trench Segment 6 and will receive water from Segments 5, 6, and 7.  Tanks T-6 and  
T-7 will be equipped with centrifugal transfer pumps.  If deemed appropriate, the temporary 
tanks may be equipped with tank heaters.  Electrical service, for both the pumps and the 
heaters, will be supplied to each water collection tank location.  The design details for Tanks 
T-6 and T-7 are presented in Specification 13050. 

A 150,000-gallon clean water tank (T-4) currently exists at the Site.  This tank will 
be used to store treated water prior to discharge Unnamed Ditch.  After completion of the 
Active Phase and the Phase I Monitoring, consideration will be given to removing the 
treatment system including Tanks 2, 4, and 5 and relying on skid-mounted equipment 
subject to any need for the treatment facility by Third Site. 

 
2.8.3 Treated Water Discharge Procedures 

The Site subsurface water will be treated in batches with sampling of each treated 
batch conducted prior to discharge.  The treated water samples will be analyzed by the 
Contractor for the parameters listed in the approved effluent limits.  Effluent limits were 
provided by IDEM in 1997 and are included in Table 2-3 and the FSP (Appendix D).  
Wastewater streams for the ECC Site and Third Site will not be combined.  Once treated and 
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in compliance with treated water effluent limits, the wastewater will be discharged to 
Unnamed Ditch at the Site.  

 
2.9 Monitoring Well Installation 

Wells S-4B and S-5 will be installed by the Trust’s Engineer after completion of SVE trench 
construction.  Each well will be double-cased through the till as described in Specification 02268 in 
Appendix C.  The well locations are provided in Appendix D. 
 
2.10 Decommissioning/Demobilization  

Following completion of the Construction Phase, Site restoration activities and all 
equipment and materials used to construct the augmented SVE system that are not needed for the 
Active Phase of operation will be removed from the Site.  Site restoration activities to be conducted 
following construction, prior to the beginning of the Active Phase, include: 

 
• Removal of all construction and silt fencing. 
 
• Placement of topsoil (as necessary) and seed to restore vegetative cover to all disturbed 

areas.  
 
• Replacement of fence on eastern boundary of Site, with clearing/grubbing, as needed. 
 
• Clean out and, if needed, repair of drainage channels. 
 
• Removal of any construction trailers and construction equipment not needed for 

monitoring/operation phases. 
 
• Handling of excavated soil as described in Section 2.8.1. 

 
2.11 As-Built Drawings and Construction Completion Report 

A Construction Completion Report (CCR) and as-built drawings of the augmented SVE 
trenches, the PRGS and treatment system upgrade shall be provided for Trust approval within 30 
days of completion of construction.  The CCR will document activities completed and materials 
used as specified in the project specifications. 
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3.0  ACTIVE PHASE ACTIVITIES 
 
3.1 Augmented SVE System Operations 

In accordance with the Attachment Z-1 Remedy, the augmented SVE trench system will 
operate until the Soil Vapor Standards are achieved.  The Contractor shall operate, maintain, and 
optimize the system for efficient vapor removal and provide regular operations and status reports.  
Continuous operation of the SVE system, except for temporary shutdowns for maintenance and 
repairs, is anticipated.  Electrical, repair, and soil vapor monitoring costs will be the responsibility 
of the Contractor.  The Contractor shall notify the Trust when Soil Vapor Standards have been met. 

The Soil Vapor Standards were presented in Table 2-2.11  The time required to attain the Soil 
Vapor Standards is dependent on the adequate removal of water, the initial concentrations of the 
contaminants of concern, the minimization of short-circuiting, operating air flow rate and 
temperature, and the efficient diffusion of air through the soil pores.  Based on the previous SVE 
activities conducted at the Site, the attainment of shutdown standards is expected to occur within  
6 months of operation of the extraction systems in the augmented SVE system.  However, the actual 
time may be longer or shorter.  If an individual trench segment has reached the Soil Vapor 
Standards (Table 2-2), the Trust may request approval from the USEPA, in consultation with 
IDEM, to suspend SVE in that trench segment until the end of the Active Phase in order to better 
concentrate the augmented SVE system on the remaining trench segments. 
  
3.2 Soil Vapor Monitoring 

The augmented SVE system configuration allows collection of vapor samples from each 
SVE trench segment and from the combined vapor stream from all operating SVE trenches.  Vapor 
samples will be collected in accordance with procedures in the Addendum to the FSP, which is 
contained in Appendix D.  The vapor from each SVE trench will be sampled from the vacuum inlet 
manifold port daily (except weekends) during the first week of operation, weekly for the following 
4 weeks, and biweekly thereafter during the Active Phase.  The individual trench vapor samples will 
be analyzed by an off-site laboratory for the selected volatile organic compounds (VOCs) and 
semivolatile organic compounds (SVOCs) listed on Table 2-2 in accordance with the Quality 
Assurance Project Plan (QAPP) included as Appendix H.  

The existing in-line Series 8800 Continuous analyzer will be used to monitor total organics 
in the combined vapor stream from the active SVE trench segments.  A vapor sample from the 
combined vapor will be sent to an off-site laboratory for VOC and SVOC analyses for the first  

                                                 
11 Soil Vapor Standards in Table 2-2 are from Table 4-1 of the Revised Exhibit A to the Consent Decree. 
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5 weekdays of operation.  An initial correlation will be developed between the in-line continuous 
analyzer results and combined vapor samples sent off site for analysis. 

The combined vapor flow rate will be monitored and recorded to provide sufficient data to 
calculate the mass of organics removed from the soils and the effectiveness of the system.  

 
3.3 Surface Water Monitoring 

During Active Phase operation of the augmented SVE system, the surface water within the 
Unnamed Ditch will be monitored semiannually.  Surface water samples will be collected upstream 
and downstream of the Site and at the Northside Landfill discharge location within Unnamed Ditch, 
as depicted on Figure D-1 in the Addendum to the FSP (Appendix D).  Surface water samples will 
be collected using procedures described in the Addendum to the FSP (Appendix D).  The surface 
water samples will be analyzed for compounds with Acceptable Stream Concentrations (Table 2-1) 
in accordance with methods and procedures listed in the Addendum to the FSP.  If surface water is 
not encountered, the specific sampling event will be considered complete, despite the inability to 
gather a full set of data. 
  
3.4 Subsurface Water Monitoring  

During operation of the augmented SVE system, the subsurface water within the dewatering 
wells in the operating augmented SVE trenches and monitoring wells S-1, S-4B, and S-5 will be 
sampled semiannually.  The locations of the augmented SVE dewatering wells and wells S-1, S-4B, 
and S-5 are depicted on Figure D-1 of the Addendum to the FSP (Appendix D).  Subsurface water 
samples will be collected from wells, as described in the Addendum to the FSP (Appendix D). 

The subsurface water samples will be analyzed for compounds with Acceptable Stream 
Concentrations (Table 2-1) in accordance with methods and procedures listed in the Addendum to 
the FSP.  If subsurface water is not encountered in a trench, the specific sampling event for that 
trench will be considered complete, despite the inability to gather a full set of data. 

Water levels will be measured in each of the seven augmented SVE trench dewatering wells; 
wells S-1, S-4B, and S-5; and the TBCW piezometers semiannually during the Active Phase.  The 
dewatering well data will be used to assess whether the initial dewatering system needs to be 
reactivated in order to maintain less than 12 to 18 inches of water in the bottom of each trench 
during the Active Phase.   
 
3.5 Ex Situ SVE Soil Treatment Cell Monitoring 
 The soil vapors from the ex situ SVE soil treatment cell (if constructed) will be sampled at 
least monthly during active treatment.  The soil vapors extracted from the ex situ cell will be 
sampled for compliance purposes with restart spike testing as described in Section 3.6.  When the 
soil vapors meet the Soil Vapor Standards (Table 2-2), the air flow will be discontinued and the cell 
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will be covered with topsoil and seeded, as detailed in the Contractor’s Ex Situ SVE Soil Treatment 
Plan. 
 
3.6 Active Phase Termination 

When the vapor concentrations in all SVE trenches are less than the Soil Vapor Standards, a 
restart spike will be performed to demonstrate that the Soil Vapor Standards have been achieved.  
The restart spike procedure will include shutting down the entire trench vapor extraction system for 
a period of 21 days.  Prior to such shutdown, authorization will be obtained from USEPA, in 
consultation with IDEM.  On restarting the vapor extraction system, all SVE trenches will be 
operated as during normal operations for approximately 30 minutes prior to sampling.  The vapor 
extraction system will then be shut down again so that sampling can be performed under static, non-
extraction conditions.   

After purging the sampling tubing, a sample of soil vapor will be collected from each of the 
individual SVE risers into individual Summa canisters.  The sampling period for each canister will 
be 15 to 30 minutes.  These samples will be sent for laboratory analysis.   

The analytical results from the seven samples will be compared individually to the Soil 
Vapor Standards (Table 2-2).  If the analytical results from the any of the trenches exceed the Soil 
Vapor Standards, the SVE of that trench will be reactivated for a period of at least 1 week, before 
the shut down process described above is repeated. 

When the results of laboratory analyses of each of the individual trench well head soil vapor 
samples collected from two consecutive restart spikes conducted 2 weeks apart show that the soil 
vapor concentrations meet the Soil Vapor Standards at each trench, a water sample will be collected 
from the PRGS collection manhole.12  If the water sample meets the Acceptable Stream 
Concentrations presented in Table 2-1, then operation of the SVE system will be terminated.   

If the water sample collected from the PRGS collection manhole does not meet the 
Acceptable Stream Concentrations, then operation of the augmented SVE system will continue for 
an additional 90 days before resampling the trench water.  If no water is available in the PRGS 
collection manhole due to dewatering operations, the ECC Trust will wait approximately 60 days 
for ground water infiltration.  If water is still not available for sampling from the PRGS manhole, 
then operation of the SVE system will be terminated when the restart spike tests meet the Soil 
Vapor Standards. 

Following completion of the Active Phase, Site restoration activities will be completed and 
all equipment/materials used to during the Active Phase that are not needed for the Phase I 
Monitoring and Phase II Long-Term Monitoring may be removed from the Site.  Skid-mounted 
                                                 
12 This sampling will require opening of the valves between the collection piping (SVE screen) and the PRGS 

conveyance piping and the valves between the trench segments.  If approved by the USEPA and IDEM, the valves 
may be opened and a water sample collected from the PRGS collection manhole during one of the SVE shut-down 
periods in order to obtain data to check the PRGS vessel design parameters. 
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equipment of adequate size and configuration to meet discharge requirements, along with 
appropriate power supply, alarm, autodialer, controls and secondary containment will be available if 
needed after the permanent equipment is removed.  The skid-mounted system will be able to be 
operated year-round and will include a wastewater treatment system if needed. 

Site restoration activities to be conducted following the Active Phase include: 
 
• Proper drainage of SVE pipelines and removal of above-ground transfer piping 
• Decontamination of all process equipment at the ECC Treatment Building. 
• Proper treatment/disposal of any solid residues and decontamination wash water. 
• Proper disposal of used carbon. 
• Cleaning of decontamination pad and treatment of decontamination water. 
• Removal of any remaining Contractor’s-supplied office trailers, toilet facilities, and all 

Contractor equipment/materials from the Site. 
 
 The Contractor shall provide regular reports of monitoring data during the Active Phase in 
accordance with Section 01010 of the Technical Specifications (Contractor Submittals).  
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4.0  PHASE I MONITORING 
 
4.1 Phase I Monitoring Overview 

The Phase I Monitoring period has been defined as the 1-year period beginning when the 
Soil Vapor Standards and Acceptable Stream Concentrations have been achieved in the augmented 
SVE trenches.  The start of the Phase I Monitoring period may be delayed up to 60 days, if 
necessary.  Water infiltration into the trench segments for sampling to determine compliance with 
the Acceptable Stream Concentrations.  During the Phase I Monitoring period, the augmented SVE 
trench system will collect till water and will convey it to the PRGS treatment vessel. 

During the Phase I Monitoring period, the pump that transfers water from the PRGS 
collection manhole to the PRGS vessel will be connected to the existing ECC PLC/teledialer (or 
equivalent) as noted in Table 2-4.  The teledialer will alarm upon equipment failure, power outage, 
or high water in the manhole, and page a local operator (to be determined) with a maintenance 
contract.  The pump/manhole inspection will be performed on a monthly schedule also. 

 
4.2 Sampling During Phase I Monitoring 

Phase I Monitoring includes quarterly sampling and analysis of surface water (SW-1,  
NSL-1, and SW-2) and subsurface water (SVE trench segment dewatering wells and monitoring 
wells S-1, S-4B, and S-5) for 1 year after completion of the Active Phase.  Quarterly water level 
measurements from the TBCW piezometers will also be collected during the Phase I Monitoring 
period.  During Phase I Monitoring, the PRGS will be inspected on a quarterly basis in conjunction 
with the water sampling.  Quarterly reports will be provided to the USEPA and IDEM, which will 
include analytical results from the analyses performed during the previous quarter and discussion of 
any Site issues. 

The water level within the augmented SVE trench system will be maintained by drainage 
using the SVE piping, PRGS conveyance piping, and the PRGS vessel discharge.  Control of the 
water level within the trench system will control the hydraulic gradient within the till unit across the 
Site, to prevent the flow of till water around or below the augmented SVE system.   

 
4.3 Phase I Monitoring Termination Criteria 

Performance criteria for the Phase I Monitoring have been defined in Attachment Z-1.  
Attachment Z-1 states the actions to be taken in response to each of the performance criteria are as 
follows: 

 
• If the quarterly subsurface water samples collected from the augmented SVE trench 

system contain VOCs at concentrations greater than Acceptable Stream Concentrations 
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(Table 2-1), then the PRGS valves will be closed and the augmented SVE system will be 
reactivated until the vapor meets the Soil Vapor Standards in Table 2-2.  If the SVE 
system is restarted, the 1-year Phase I Monitoring period will also restart unless 
otherwise agreed to by USEPA and IDEM. 

 
• If the quarterly water levels collected from the TBCW piezometers show that till water is 

flowing around the augmented SVE system, then the necessary adjustments will be made 
to the PRGS, as approved by USEPA, in consultation with IDEM.   

 
• If the quarterly surface water samples collected from Unnamed Ditch immediately 

downgradient of the Site contain VOCs at concentrations greater than the Acceptable 
Stream Concentrations (Table 2-1), then the source of these compounds will be 
investigated, further remediation will be evaluated.  If determined to be necessary by the 
Trust or by USEPA, in consultation with IDEM, a proposal for further remediation will 
be submitted for approval by USEPA, in consultation with IDEM. 

 
• If the TBCW is found to be leaking, then the wall will be repaired under a plan approved 

by USEPA, in consultation with IDEM.  The quarterly water level measurements to be 
collected from the TBCW piezometers will be used to confirm the integrity of the 
TBCW. 

 
• If quarterly sampling of sand and gravel monitoring wells S-1, S-4B, or S-5 show 

increasing trends in VOC concentrations that are above Acceptable Stream 
Concentrations (Table 2-1), then the cause of the trends will be evaluated and a report 
will be submitted for approval by USEPA, in consultation with IDEM, that evaluates the 
trends and proposes additional remedial actions (if necessary). 

 
During Phase I Monitoring, the Site will be evaluated for surface re-use that is protective of 

the cap, the subsurface water treatment system (including the PRGS), and otherwise protective of 
human health and the environment.  At the completion of the Phase I Monitoring, the SVE 
treatment plant and its associated above ground storage tanks and underground piping may be 
removed (subject to whether they are needed in connection with water treatment at the neighboring 
Third Site) and Phase II Long-Term Monitoring will begin at the Site. 
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5.0  PHASE II LONG-TERM MONITORING 
 

5.1 Phase II Long-Term Monitoring Overview 
The Phase II Long-Term Monitoring period will follow the completion of the 1-year period 

of Phase I Monitoring and will be divided into Phase II(a) and Phase II(b).  During the Phase II 
Long-Term Monitoring period, the PRGS will continue to allow a treated outlet for subsurface 
water that accumulates within the augmented SVE trench segments.  Monitoring will be conducted 
as described below. 

 
5.2 Phase II Long-Term Monitoring Criteria 
 

5.2.1 Phase II(a) Long-Term Monitoring 
 Phase II(a) Long-Term Monitoring will last for 2 years and follow the same 
sampling schedule and water level measurement schedule as used in Phase I Monitoring.13 
 
5.2.2 Phase II(b) Long-Term Monitoring 

After successful completion of the 2-year Phase II(a) Monitoring period, the 
remainder of the Phase II Long-Term Monitoring (Phase II(b)) will commence.  The Phase 
II(b) Monitoring includes maintenance of the PRGS system and monitoring of the PRGS 
effluent on an annual basis.  If inspection of the PRGS indicates bypass, blockage, or other 
conditions that could restrict or inhibit its performance, the PRGS will be repaired and/or 
reconditioned, in accordance with a plan approved by USEPA, in consultation with IDEM.  
If the PRGS effluent exceeds the effluent limits for discharge to Unnamed Ditch in  
Table 2-3, the PRGS “bed” will be replaced.   

If the fresh PRGS bed cannot meet the required standards, additional measures to 
meet the standards will be evaluated and PRGS monitoring frequency may be temporarily 
increased to quarterly.  Phase II(b) Long-Term Monitoring will continue on a quarterly 
schedule until USEPA agrees, in consultation with IDEM, that annual sampling may be 
resumed or the USEPA approves cessation of monitoring. 

 

                                                 
13 If an exceedance of the Acceptable Stream Concentrations is present in the trench dewatering wells during Phase 

II(a), the valves to the PRGS will be closed and the augmented SVE system will be reactivated or an appropriate skid-
mounted system will be activated.  When the soil vapor meets the Soil Vapor Standards, the PRGS valves will be 
opened and the Phase II(a) monitoring period will restart. 
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6.0  SCHEDULE 
 

Upon USEPA approval of this Design Report, invitations to bid will be sent to potential 
Contractors.  After receipt and evaluation of bids, the Trust will enter into a Contract with the 
selected Contractor.  The Trust will advise USEPA, in writing, of its proposed Contractor after 
receipt and evaluation of bids (but prior to formally signing a Contract) to ensure that USEPA has 
no objections to the proposed Contractor. 

The Contractor will be required to prepare a work schedule as part of these final Design 
Submittals required in the Technical Specification (Appendix C) (collectively the “Contractor 
Submittals”) after the contract is awarded.  After review by the Trust, the Contractor Submittals will 
be submitted to the USEPA.  Mobilization within 60 days of final design approval weather 
permitting and construction completion within eleven months, thereafter, is anticipated, depending 
on the construction season.  The augmented SVE trench system field tasks will be implemented in 
general accordance with the approved work schedule. 
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TABLE 2-1

Site-Specific Acceptable Concentrations 
Enviro-Chem Superfund Site

Zionsville, Indiana

Acceptable Acceptable
Stream Soil

Concentration 1, 2 Concentration 3, 4

Parameter (ug/L) (ug/kg)
Volatile Organic Compounds

Acetone 370,000
1,1-Dichloroethene 42,000

1,2-Dichloroethene (total) 7.4 SB 5,800
Ethylbenzene 3,280 160,000

Methylene chloride 15.7 1,800
Methyl ethyl ketone 250,000

Methyl isobutyl ketone 75,000
Tetrachloroethene 8.85 640

Toluene 3,400 240,000
1,1,1-Trichloroethane 5,280 280,000
1,1,2-Trichloroethane 41.8 300

Trichloroethene 80.7 82
Vinyl chloride 525 13
Xylenes (total) 170,000

Semivolatile Organic Compounds
Bis (2-ethylhexyl) phthalate 50,000

Di-n-butyl phthalate 154,000
1,2-Dichlorobenzene 763 220,000

Diethyl phthalate 52,100
Isophorone

Naphthalene 620
Phenol 570 160,000

Inorganic Parameters
Antimony

Arsenic 9.2 SB
Barium

Beryllium
Cadmium

Chromium VI 77.6 SB
Lead 19.8 SB

Manganese
Nickel 100
Silver

Tin
Vanadium

Zinc 123 SB
Cyanide (total) 17.2 SB

Polychlorinated Biphenyls
Aroclor 1016 0.5 SB
Aroclor 1221 0.9 SB
Aroclor 1232 0.5 SB
Aroclor 1242 0.5 SB
Aroclor 1248 0.5 SB
Aroclor 1254 0.5 SB
Aroclor 1260 0.5 SB
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TABLE 2-1

Site-Specific Acceptable Concentrations 
Enviro-Chem Superfund Site

Zionsville, Indiana

Notes:

3  Acceptable Soil Concentrations are the minimum IDEM RISC non-default closure levels for 
commercial/industrial soil direct contact, commercial/industrial soil migration to ground water, 
construction soils, and the soil saturation limit  (see Appendix G for calculations). 

4  The Acceptable Soil Concentrations, within the meaning of Attachment Z-1, will be achieved 
when the arithmetic average of the soil sample results for each parameter, assigning all nondetect 
results a value of 1/2 the detection limit, do not exceed the values set forth in this table by more than 
25%.

1  SB = Applicable Surface Water Background Concentrations were defined as two standard 
deviations above the calculated mean of 12 sample sets of background surface water samples.  
Background surface water samples were collected from the surface water sample location SW-1 (see 
Attachment Z-1, Appendix A, for calculations).

2  Stream Criteria, from Table 1 of the Record of Decision for the site, September 25, 1987 (or 
calculated on the same basis) unless otherwise noted.
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Compound (mg/L) (ppmv)

Acetone 0.61 244
1,1-Dichloroethene 2 481
1,2-Dichloroethene (total) 3.7 880
Ethylbenzene 37 8,076
Methylene chloride 0.08 22
Methyl ethyl ketone 0.04 13
Methyl isobutyl ketone 0.69 159
Tetrachloroethene 0.11 16
Toluene 107 27,090
1,1,1-Trichloroethane 8.3 1,442
1,1,2-Trichloroethane 0.01 1
Trichloroethene 0.39 68
Vinyl chloride 919.2 338,808
Total Xylenes 595 130,244
Base Neutral/Acid Organics:
1,2-Dichlorobenzene 9.3 1,466
Phenol 0.005 1.3

Source:  Table D-1 of Revised Exhibit A, Revision 2, May 7, 1997.

Soil Vapor Standard

TABLE 2-2

Enviro-Chem Superfund Site
Zionsville, Indiana 

Soil Vapor Standards

Volatile Organic Compounds (VOCs):
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Contaminant of Concern (COC) Discharge Limit (ug/L)

1,1-Dichloroethane 990 2

1,1-Dichloroethene 2
Cis -1, 2-Dichloroethene 2
Trans-1, 2-Dichloroethene 2
Tetrachloroethene 5
1,1,1-Trichloroethane 200
1,1,2-Trichloroethane 42
Trichloroethene 10
Vinyl Chloride 10
bis(2-Ethylhexyl)phthalate 680
Di-n-butylphthalate 21
Diethylphthalate 7000
1, 2-Dichlorobenzene 760
Naphthalene 69
Phenol 570

Biological Oxygen Demand (BOD)3

   Summer 30 mg/L daily maximum
   Winter 50 mg/L daily maximum

ug/L = micrograms per liter
mg/L = milligrams per liter

1  Effluent limits from February 1997 Briefing Memo:  Environmental Conservation
and Chemical Zionsville, Indiana Superfund Site, ARAR Effluent Limits , prepared by
George Oliver, IDEM Office of Water Management.

2  Effluent limits not set forth in IDEM Briefing Memo. Value represents IDEM Tier 1
Default Ground Water Residential Criterion.

3 Preliminary limits from IDEM August 1, 2007 (email).

TABLE 2-3

Effluent Limits for Discharge of Treated Water to Unnamed Ditch1

Enviro-Chem Superfund Site
Zionsville, Indiana
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System Component Alarm Condition Alarm Instrumentation Alarm Type / Notification

Dewatering Wells High water in trench

Transducer in SVE trench 
segment dewatering wells 
connected to CU300 
controller

page operator

Failure of pump or 
transducer PLC page operator

Temporary Water 
Storage Tanks T-6 and T-
7

High water in Tank T-6 or T-
7

Float switch and controller 
box

shut down SVE dewatering 
pumps, page operator

Failure of pump, heater or 
switch controller PLC shut down dewatering pumps, 

page operator

New Tank T-5 High water in Tank T-5 Transducer shut down pumps, page 
operator

High water in leak detection 
sump Transducer page operator

PRGS Collection 
Manhole High water in manhole Transducer and CU300 (use 

from dewatering well)
page operator

Failure of pump or tranducer PLC page operator

SVE Blower System SVE entrainment separator 
(knockout tank) High Level

float switch at knockout 
tank

shut down blower, page 
operator

High organics in-line organic vapor 
analyzer at carbon vessel

shut down blower, page 
operator to change GAC

Treatment Building Power failure PLC page operator

Floor Sump float switch in sump shut down pumps, page 
operator

TABLE  2-4

Summary of ECC Augmented SVE System Alarms
Enviro-Chem Superfund Site

Zionsville, Indiana
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Calculation of Site-Specific 
Soil Exposure Concentrations 



TABLE G-1

Site-Specific Soil Exposure Concentrations1

Enviro-Chem Superfund Site
Zionsville, Indiana

Soil Saturation
Limit Carcinogen Non-carcinogen Carcinogen Non-carcinogen Carcinogen Non-carcinogen
Csat Cssic Cssin Csbsic Csbsin Csscc Csscn

Parameter (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Acetone 201,292 NE 13,987 NE 370 NE 72,936
1,1-Dichloroethene 930 NE 738 NE 42 NE 3,861
cis-1,2-Dichloroethene 1,001 NE 246 NE 5.8 NE 1,240
trans-1,2-Dichloroethene 2,138 NE 392 NE 14 NE 2,012
Ethylbenzene 160 NE 9,129 NE 195 NE 36,644
Methylene chloride 3,008 355 12,472 1.8 28 35,203 36,962
Methyl ethyl ketone 28,194 NE 119,270 NE 250 NE 360,827
Methyl isobutyl ketone 8,750 NE 31,537 NE 75 NE 65,900
Tetrachloroethene 115 40 214 0.64 12 4,258 1,093
Toluene 309 NE 3,174 NE 240 NE 16,531
1,1,1-Trichloroethane 642 NE 10,663 NE 280 NE 51,059
1,1,2-Trichloroethane 1,342 24 194 0.30 2.5 2,786 896
Trichloroethene 627 1.7 93 0.082 0.35 211 224
Vinyl chloride 928 4.8 262 0.013 2.1 319 1,064
Xylenes (total) 170 NE 1,242 NE 426 NE 6,724
1,2-Dichlorobenzene 220 NE 5,103 NE 265 NE 22,889
Phenol 21,329 NE 113,262 NE 160 NE 243,091

Legend:
Csat Soil Saturation Limit (Appendix G, Table C, Equation 7-3)
Cssic Commercial/Industrial Soil Closure Level for Direct Contact for Carcinogens (Appendix G, Table C, Equation A1-9)
Cssin Commercial/Industrial Soil Closure Level for Direct Contact for Non-Carcinogens (Appendix G, Table C, Equation A1-10)
Csbsic Commercial/Industrial Migration to Ground Water Contact Closure Level for Carcinogens (Appendix G, Table C, Equation A1-11)
Csbsin Commercial/Industrial Migration to Ground Water Contact Closure Level for Non-Carcinogens (Appendix G, Table C, Equation A1-12)
Csscc Construction Soil Closure Level for Carcinogens (Appendix G, Table C, Equation A1-13)
Csscn Construction Soil Closure Level for Non-Carcinogens (Appendix G, Table C, Equation A1-14)
NE Not established

Notes:
1 Default IDEM RISC equation parameters/exposure assumptions were used for the closure level calculations as included in Attachment Z-1, Appendix D,

Table D.  All default exposure equations and human health toxicity default values were used for the calculations as included in Attachment Z-1, 
Appendix G, Tables C and F.

Commercial/Industrial Soil Direct Contact
Commercial/Industrial Soil Migration to 

Groundwater Construction Soils
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Exposure Equations



Appendix 1
Default Closure Tables

IDEM RISC Technical Guide – Appendix 1 (January 1, 2004 update) A.1-28

Equation Number Equation Name Table C - Exposure Equations

A1-1 Residential Groundwater
 (Carcinogens) ( ) ( )[ ]KInhRSFIngRSFEDEF

365ATBWTR
C

raairaworr

year
day

ca
gwrc ××+×××

×××
=

A1-2 Residential Groundwater
(Non-carcinogens)

A1-3 Residential Soil Direct Contact
(Carcinogens)

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⎟
⎠
⎞

⎜
⎝
⎛⎟

⎠
⎞⎜

⎝
⎛ ⎟

⎠
⎞⎜

⎝
⎛

+×+

×+

××
=

PEF

1

VF

1
SFInhF

10

 ABSSFSIngFSF
EF

365ATTR
C

iadj6

adj
adj

o

r

year
days

c
ssrc

kg
mg

A 1-4 Residential Direct Contact
(Non-carcinogens)

A 1-5 Residential Soil Migration to
GW (Carcinogens)

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
×

×××
=

K
RFD

InhR
RFD

IngREDEF

365ATBWTHQC

i

raa

o

raw
rr

year
days

na
gwrn

( )
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
×

×+

××
=

+ PEF
1

VF
1

10
EF

365ATC
adj

kg
mg6

adjadj
r

year
days

ssrn
n

io RFD
InhF

RFD
ABSSFSIngF

THQ

( )
⎥
⎦

⎤
⎢
⎣

⎡ ′×+
+×=

b

aw
dgwrcsbsrc

H
K20CC

ρ
θθ ρρ



Appendix 1
Default Closure Tables

IDEM RISC Technical Guide – Appendix 1 (January 1, 2004 update) A.1-29

Equation Number Equation Name Table C - Exposure Equations
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Equation Number Equation Name Table C - Exposure Equations
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Equation Number Equation Name Table C - Exposure Equations

A 1-15 Volatilization Factor 

Where: 
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Equation Number Equation Name Table C - Exposure Equations

A 1-19 Inhalation - Age Adjusted

  7-1 Soil to Groundwater
Partitioning Model 

7-3 Soil Saturation Limit Equation

7-4 Soil Attenuation Capacity Site Specific Soil Attenuation Capacity = foc X 106  
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Symbol Parameter Value
2ap Air Filled Soil Porosity Partitioning model 0.134 l air/l soil

2avf Air Filled Soil Porosity - volatilization 0.284 l air /l soil

2wp Water Filled Soil Porosity Partitioning model 0.3 l  water/l soil

2wvf Water Filled Soil Porosity - volatilization 0.15 l water /l soil 
ABS Skin Absorbance Factor (Absorbed fraction) Chemical Specific (unitless see

Table B)
ATc  
ATn 

Averaging Time (subscript dictates chemical
type)

C = 70 Years carcinogens
N = 30 Years residential  non-

carcinogens
 25 years industrial

noncarcinogens
1 year construction

noncarcinogens
BWa   Body Weight Adult 70 kg
BWc   Body Weight Child 15 kg

C Carcinogen Chemical Specific
CCL Carcinogen Closure Level Chemical Specific
Cgwrc Default Level Groundwater Concentration

for Residential Carcinogen
Chemical Specific (mg/l)

Cgwrn Default Level Groundwater Concentration
for Residential Non-carcinogen

Chemical Specific (mg/l)

Cigwc Default Level Commercial/Industrial
Groundwater Concentration for Carcinogen

Chemical Specific mg/l

Cigwn Default Level Commercial/Industrial
Groundwater Concentration for Non-carcinogen

Chemical Specific mg/l

Csat Soil Saturation Limit Chemical Specific (mg/kg)
Csbrsc Subsurface Soil Residential Carcinogen Chemical Specific (mg/kg)
Csbrsn Subsurface Soil Residential Non-carcinogen Chemical Specific (mg/kg)
Csbsic Default Closure Level Subsurface Soil

Commercial/Industrial Carcinogen
Chemical Specific (mg/kg)
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Symbol Parameter Value
Csbsin Default Closure Level Subsurface Soil

Commercial/Industrial Non-carcinogen
Chemical Specific (mg/kg)

Cscc Default Closure Level Soil Concentration
Construction Carcinogenic

Chemical specific (mg/kg)

Cscn Default Closure Level Soil Concentration
Construction Non-carcinogenic

Chemical specific (mg/kg)

Cssic Default Closure Level Surface Soil
Commercial/Industrial Carcinogen

Chemical Specific (mg/kg)

Cssin Default Closure Level Surface Soil
Commercial/Industrial Non-carcinogen

Chemical Specific (mg/kg)

Cssrc Default Closure Level Residential Surface Soil
Concentration Carcinogenic (direct contact)

Chemical specific (mg/kg)

Cssrn Default Closure Level Residential Surface Soil
Concentration Non-carcinogenic (direct contact)

Chemical specific (mg/kg)

Da    Apparent Diffusivity Chemical Specific cm2/s
Di   Diffusivity in Air Chemical Specific cm2/s
Dw Diffusivity in Water Chemical Specific cm2/s

EDch Exposure Duration Child 6 years
EDco Exposure Duration Construction 1 year
EDi Exposure Duration Commercial/Industrial 25 years
EDr Exposure Duration Residential 30 years
EFco Exposure Frequency Construction 45 days
EFi Exposure Frequency Commercial/Industrial 250 days/yr
EFr Exposure Frequency Residential 350 days/year
EFrs Exposure Frequency Residential Soil 250 days/year
F(x) Function dependent on Um/Ut 0.194 (unitless)
foc Fraction Soil Organic Carbon (Fraction) 0.002 for subsurface soil 

0.006 for surface soil
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Symbol Parameter Value
H’ Henry’s Law Constant x 41 Chemical Specific (unitless)

IngFadj Ingestion Factor Soil Age Adjusted  114 mg-yr/kg-day
IngRcas Ingestion Rate Construction Adult Soil 480 mg/day
IngRias Ingestion Rate Commercial/Industrial Adult Soil 50 mg/day
IngRiaw Ingestion Rate Commercial/Industrial Adult

Water 
1.0 l/day

IngRras Ingestion Rate Residential Adult Soil 100 mg/day
IngRraw Ingestion Rate Residential Adult Water 2.0 1/day
IngRrcs Ingestion Rate Residential Child Soil 200 mg/day
InhFadj  Inhalation Factor Age Adjusted 10.9 m3-yr/kg-day
InhRcaa Inhalation Rate Construction Adult Air 20 m3/day
InhRiaa Inhalation Rate Commercial/Industrial Adult Air 20 m3/day
InhRraa Inhalation Rate Residential Adult Air 15 m3/day Indoor 

20 m3/day Outdoor 
InhRrca Inhalation Rate Residential Child Air 10 m3/day

K     Indoor Volatilization Factor
(Inhalation from volatiles in groundwater)

0.5 (unitless)

Kd Soil/Water Partition Coefficient(See Table B)
Kd = Table Values for Metals(See Table B)

Kd = Koc x foc for Organics(See Table B)

Chemical Specific (l/kg)
Chemical Specific (l/kg)
Chemical Specific (l/kg)

Koc Soil Organic Carbon/Water Partition
Coefficient(See Table B)

Chemical Specific (l/kg)

l Length of sampling interval site specific
M Soil to Skin Adherence Factor 0.5 mg/cm2-day
n Number of site samples Chemical Specific

NC Non-carcinogen Chemical Specific
NCL Non-carcinogen Closure Level Chemical Specific
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Symbol Parameter Value
Pb Dry Soil Bulk Density 1.5 kg/l

PEF Particulate Emission Factor (See Table C) 1.316 x 109 m3/kg
Ps   Soil particle density 2.65 g/cm3

Q/Cvf Inverse of the mean concentration at the center of
a 0.5 acre source - volatilization factor

68.81 g/m2-s
          kg/m3

Q/Cp Inverse of the mean concentration at the center of
a 0.5 acre source - particulates

90.80 g/m2-Sec
          kg/m3

RFDi Reference Dose Inhalation Chemical Specific (mg/Kg - day)
RFDo Reference Dose Oral Chemical Specific (mg/Kg - day)

s Standard deviation of site sample set Chemical Specific
S   Solubility in Water Chemical Specific (mg/l-water)

SAcas Surface Area Construction Exposed Adult Skin 3160 cm2

SAias Surface Area Commercial/Industrial Exposed
Adult Skin 

3160 cm2

SAras Surface Area Residential Exposed Adult Skin  5000 cm2

SArcs Surface Area Residential Exposed Child Skin 2000 cm2

SFi   Carcinogenic Potency Slope Inhalation Chemical Specific (mg/Kg - day)-

1

SFo Carcinogenic Potency Slope Oral Chemical Specific (mg/Kg - day)-

1

SFSadj  Skin Factor Soil Age Adjusted (See Table C) 1257 mg-yr/kg-day
t Students’ t value corresponding to n at the 95%

confidence level (one tailed test)
Chemical Specific

T   Exposure interval Volatilization Equation 9.5 x 108 s
THQ Target Hazard Quotient 1 (unitless)
TR    Target Risk 1 x 10-5 (unitless)

Um Mean annual wind speed 4.69 m/s
Ut Equivalent threshold value of wind speed at 7 m 11.32 m/s
V Fraction of vegetative cover 0.5 (unitless, = 50%)
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Symbol Parameter Value
VF Volatilization Factor (See Table C) Chemical Specific m3/kg

_
x Average of site samples Chemical Specific
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TABLE F

Human Health Toxicity Parameters
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Chronic
Sfo

(mg/kg-day)-1

Chronic
Rfdo

mg/kg-day

Chronic
SFi

(mg/kg-day)-1

Chronic
RfDi

mg/kg-day

Sub-Chronic
RfDo 

mg/kg-day

Sub-Chronic
RfDi

mg/kg-day

Chemical CAS Value Source Value Source Value Source Value Source Value Source Value Source
Acenaphthene  83-32-9 0.06 I 0.06 6,9 (R)
Acenaphthylene  208-96-8 0.0071 S 0.01 S
Acetone (2-Propanone)  67-64-1 0.9 I 0.1 6,9 (R)
Acrolein  107-02-8 0.0005 I 0.0000057 I
Aldrin  309-00-2 17 I 0.00003 I 17 I 0.00003 6,9 (R) 0.00003 H 0.00003 H
Anthracene  120-12-7 0.3 I 0.3 6,9 (R) 3 H
Antimony and compounds  7440-36-0 0.0004 I
Arsenic  7440-38-2 1.5 I 0.0003 I 15 I 0.0003 H
Barium  7440-39-3 0.07 I 0.000143 H
Benzene  71-43-2 0.055 I 0.004 I 0.029 3,9 0.0086 I
Benzo(a)anthracene  56-55-3 0.73 3,6,9 (N) 0.31 6(N)
Benzo(a)pyrene  50-32-8 7.3 I 3.1 3,6 (N), N
Benzo(b)fluoranthene  205-99-2 0.73 3,6,9 (N) 0.31 6(N)
Benzo(g,h,i)perylene  191-24-2 0.073 IDEM 0.031 IDEM
Benzo(k)fluoranthene  207-08-9 0.073 3,6,9 (N) 0.031 6(N)
Benzoic acid  65-85-0 4 I 4 9(R)
Benzyl Alcohol  100-51-6 0.3 H 0.3 6,9 (R)
Beryllium and compunds  7440-41-7 0.002 I 8.4 I 0.0000057 I
Bis(2-chloro-1-methylethyl) ether 108-60-1 0.07 9 0.04 9(I) 0.035 9 0.04 9(R)
Bis(2-Chloroethyl)ether  111-44-4 1.1 I 1.2 I
Bis(2-chloroisopropyl)ether 39638-32-9 0.07 9 0.04 9(I) 0.035 9 0.04 9(R) 0.04 H 0.04 R
Bis(2-ethylhexyl)phthalate  117-81-7 0.014 I 0.02 I 0.014 3(N) 6,9 (R) 0.022 6,9 (R)
Bromodichloromethane  75-27-4 0.062 I 0.02 I 0.062 6,9 (R) 0.02 6,9 (R)
Bromoform(tribromomethane)  75-25-2 0.0079 I 0.02 I 0.0039 I 0.02 6,9 (R)
n-Butanol  71-36-3 0.1 I 0.0026 9(N)
Butylbenzylphthalate  85-68-7 0.2 I 0.2 6,9 (R)
Cadmium  7440-43-9 0.0005 I 6.3 I 0.000057 6,3 (N)
Carbazole  86-74-8 0.02 H 0.02 6,9 (R)
Carbon disulfide  75-15-0 0.1 I 0.2 I
Carbon tetrachloride  56-23-5 0.13 I 0.0007 I 0.053 I 0.00057 3(N)
Chlordane  12789-03-6 0.35 I 0.0005 I 0.35 I 0.0002 I
p-Chloroaniline  106-47-8 0.004 I 0.004 6,9 (R)
Chlorobenzene  108-90-7 0.02 I 0.017 3,6,9 (N)
Chloroethane  75-00-3 0.0029 3,6,9 (N) 0.4 3,6,9 (N) 0.0029 6,9 (R) 2.9 I
Chloroform  67-66-3 I 0.01 I 0.081 I 0.000086 6 (N)
2-Chloronapthalene  91-58-7 0.08 I 0.08 6,9 (R)
2-Chlorophenol  95-57-8 0.005 I 0.005 6,9 (R) 0.05 H 0.05 R
Chromium III  16065-83-1 1.5 I
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Chronic
Sfo

(mg/kg-day)-1

Chronic
Rfdo

mg/kg-day

Chronic
SFi

(mg/kg-day)-1

Chronic
RfDi

mg/kg-day

Sub-Chronic
RfDo 

mg/kg-day

Sub-Chronic
RfDi

mg/kg-day

Chemical CAS Value Source Value Source Value Source Value Source Value Source Value Source
Chromium VI  18540-29-9 0.003 I 290 9I 0.000029 I
Chrysene  218-01-9 0.0073 3,6,9 (N) 0.0031 6(N)
Copper  7440-50-8 0.037 6
Cyanide, Free 57-12-5 0.02 I
Cyclohexane  110-82-7 1.7 R 1.7 I
DDD  72-54-8 0.24 I 0.24 6,9 (R)
DDE  72-55-9 0.34 I 0.34 6,9 (R)
DDT  50-29-3 0.34 I 0.0005 I 0.34 I 0.0005 6,9 R
Dibenzo(a,h)anthracene  53-70-3 7.3 3,6,9 (N) 3.1 6(N)
Dibenzofuran  132-64-9 0.002 3 (N) 0.002 R
1,2-Dichlorobenzene  95-50-1 0.09 I 0.057 H
1,3-Dichlorobenzene  541-73-1 0.0009 9(N), N 0.0009 9(N), N
1,4-Dichlorobenzene  106-46-7 0.024 H 0.03 3,6,9(N) 0.022 3,9 N 0.23 I
3,3-Dichlorobenzidine  91-94-1 0.45 I 0.45 6,9 (R)
1,1-Dichloroethane  75-34-3 0.1 H 0.14 H
1,2-Dichloroethane  107-06-2 0.091 I 0.03 3,9 N 0.091 I 0.0014 3,9 N
1,1-Dichloroethylene  75-35-4 0.05 I 0.057 I
cis-1,2-Dichloroethylene  156-59-2 0.01 3,6,9 H 0.01 6,9 (R)
trans-1,2-Dichloroethylene  156-60-5 0.02 I 0.02 6,9 (R)
2,4-Dichlorophenol  120-83-2 0.003 I 0.003 6,9 (R)
2,4-Dichlorophenoxyacetic acid (2,4-D)  94-75-7 0.01 I 0.01 6,9(R)
1,2-Dichloropropane  78-87-5 0.068 H 0.0011 6,9 (R) 0.068 6,9 (R) 0.0011 I
1,3-Dichloropropene  542-75-6 0.1 I 0.03 I 0.014 I 0.0057 I 0.003 H 0.0057
Dieldrin  60-57-1 16 I 0.00005 I 16 I 0.00005 6,9 (R)
Diethylphthalate  84-66-2 0.8 I 0.8 6,9 (R)
2,4-Dimethylphenol  105-67-9 0.02 I 0.02 6,9 (R)
Dimethylphthalate  131-11-3 10 3,6,9 (H) 10 6,9 (R)
Di-n-butyl phthalate  84-74-2 0.1 I 0.1 6,9 (R)
2,4-Dinitrophenol  51-28-5 0.002 I 0.002 6,9 (R)
Dinitrotoluene mixture  25321-14-6 0.68 I 0.001 H 0.68 6,9 (R) 0.001 R
Di-n-octyl phthalate  117-84-0 0.02 H 0.02 6 (R)
Endosulfan  115-29-7 0.006 I 0.006 6,9 (R)
Endrin  72-20-8 0.0003 I 0.0003 6,9 (R)
Ethylbenzene  100-41-4 0.1 I 0.29 I
Fluoranthene  206-44-0 0.04 I 0.04 6,9 (R)
Fluorene  86-73-7 0.04 I 0.04 6,9 (R)
alpha-HCH(alpha-BHC)  319-84-6 6.3 I 6.3 I
beta-HCH(beta-BHC)  319-85-7 1.8 I 1.9 I
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Chronic
Sfo

(mg/kg-day)-1

Chronic
Rfdo

mg/kg-day

Chronic
SFi

(mg/kg-day)-1

Chronic
RfDi

mg/kg-day

Sub-Chronic
RfDo 

mg/kg-day

Sub-Chronic
RfDi

mg/kg-day

Chemical CAS Value Source Value Source Value Source Value Source Value Source Value Source
gamma-HCH(Lindane)  58-89-9 1.3 H 0.0003 I 1.3 6,9 (R) 0.0003 6,9 (R)
Heptachlor  76-44-8 4.5 I 0.0005 I 4.6 I 0.0005 6,9 (R)
Heptachlor epoxide  1024-57-3 9.1 I 0.000013 I 9.1 I 0.000013 6,9 (R)
Hexachloro-1,3-butadiene  87-68-3 0.078 I 0.0002 H 0.077 I 0.0002 6,9 (R)
Hexachlorobenzene  118-74-1 1.6 I 0.0008 I 1.6 I 0.0008 6,9 (R)
Hexachlorocyclopentadiene  77-47-4 0.006 I 0.000057 I 0.0002 H 0.07 H
Hexachloroethane  67-72-1 0.014 I 0.001 I 0.014 I 0.001 6,9 (R)
n-Hexane 110-54-3 0.06 H 0.057 I
Indeno(1,2,3-cd)pyrene  193-39-5 0.73 3,6,9 N 0.31 6(N)
Iodomethane 74-88-4 1 IDEM 0.00421 IDEM
Isophorone  78-59-1 0.00095 I 0.2 I 0.00095 6,9 (R) 0.2 6,9 (R)
Lead 7439-92-1
Mercury and compounds  7439-97-6 0.0003 I 0.000086 I 0.0004 H
Methoxychlor  72-43-5 0.005 I 0.005 6,9 (R)
Methyl bromide (bromomethane)  74-83-9 0.0014 I 0.0014 I
Methyl ethyl ketone (MEK)  78-93-3 0.6 I 1.4 I
Methyl tertiary butyl ether (MTBE)  1634-04–4 0.0033 9(N) 0.86 9(R) 0.00035 9(N) 0.86 I
4-Methyl-2-pentanone (MIBK)  108-10-1 0.08 3,6,9 H 0.86 I
Methylene chloride  75-09-2 0.0075 I 0.06 I 0.0016 I 0.86 H
2-Methylnaphthalene  91-57-6 0.02 3(N) 0.02 R
3-Methylphenol (m-cresol)  108-39-4 0.05 I 0.05 6,9 (R)
4-Methylphenol (p-cresol)  106-44-5 0.005 H 0.005 6,9 (R)
2-Methylphenol(o-cresol)  95-48-7 0.05 I 0.05 6,9 (R)
Naphthalene  91-20-3 0.02 I 0.00086 I
Nickel, soluble salts various 0.02 I 0.84 I
2-Nitroaniline  88-74-4 0.000057 6(R) 0.000057 H
Nitrobenzene  98-95-3 0.0005 I 0.00057 H
N-Nitrosodi-n-propylamine  621-64-7 7 I 7 6,9 (R)
N-Nitrosodiphenylamine  86-30-6 0.0049 I 0.0049 6,9 (R)
PCBs (polychorinated biphenyls)  1336-36-3 2 I 0.00002 I 2 I 0.00002 R
Pentachlorophenol  87-86-5 0.12 I 0.03 I 0.12 6,9 (R) 0.03 6,9 (R)
Phenanthrene  85-01-8 0.003 IDEM 0.003 IDEM
Phenol  108-95-2 0.3 I 0.3 R
Pyrene  129-00-0 0.03 I 0.03 6,9 (R)
Selenium  7782-49-2 0.005 I
Silver  7440-22-4 0.005 I
Styrene  100-42-5 0.2 I 0.29 I
1,1,1,2-Tetrachloroethane  630-20-6 0.026 I 0.03 I 0.026 I 0.03 6,9 (R)
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Chronic
Sfo

(mg/kg-day)-1

Chronic
Rfdo

mg/kg-day

Chronic
SFi

(mg/kg-day)-1

Chronic
RfDi

mg/kg-day

Sub-Chronic
RfDo 

mg/kg-day

Sub-Chronic
RfDi

mg/kg-day

Chemical CAS Value Source Value Source Value Source Value Source Value Source Value Source
1,1,2,2-Tetrachloroethane  79-34-5 0.2 I 0.06 3,6,9(N) 0.2 I 0.06 6,9 (R)
Tetrachloroethylene (PCE)  127-18-4 0.052 6,9(N) 0.01 I 0.012 6 (N) 0.011 6 (N)
Thallium (and compounds) 7440-28-0 0.00007 IDEM
Toluene  108-88-3 0.2 I 0.11 I
Toxaphene  8001-35-2 1.1 I 1.1 I
1,2,4-Trichlorobenzene  120-82-1 0.01 I 0.057 H 0.01 H 0.57 H
1,1,1-Trichloroethane  71-55-6 0.28 3,9 (N) 0.63 3,9(N) 
1,1,2-Trichloroethane  79-00-5 0.057 I 0.004 I 0.056 I 0.004 6,9 (R)
Trichloroethylene (TCE)  79-01-6 0.4 3,6,9 (N) 0.0003 3,6,9 (N) 0.4 3,6,9 (N) 0.01 3,9(N) 
2,4,5-Trichlorophenol  95-95-4 0.1 I 0.1 6,9 (R)
2,4,6-Trichlorophenol  88-06-2 0.011 I 0.0001 9 (N) 0.011 I 0.0001 9(R)
2,4,5-Trichlorophenoxyacetic acid (2,4,5-T)  93-76-5 0.01 I 0.01 6,9(R)
1,2,4-Trimethylbenzene  95-63-6 0.05 3,6,9(N) 0.0017 3,6,9(N)
1,3,5-Trimethylbenzene  108-67-8 0.05 3,6,9(N) 0.0017 3,6,9(N)
Vinyl acetate  108-05-4 1 H 0.057 I 1 H 0.057 H
Vinyl chloride (chloroethene)  75-01-4 1.5 I 0.003 I 0.031 I 0.029 I
Xylene mixed (total)  1330-20-7 0.2 I 0.029 I
Zinc  7440-66-6 0.3 I

CAS = Chemical Abstract Service
H = Heast
I = IRIS
N = NCEA
R = Route to Route Extrapolation

SFi = Inhalation Slope Factor 
SFo = Oral Slope Factor
RfDi = Inhalation Reference Dose
RfDo = Oral Reference Dose
3,6,9 = EPA Regions 3,6,9 Screening Tables

PCB Slope Factor and RfD assume  a  mixture of PCB congeners including
Aroclor 1016 and 1254.



  

   

A P P E N D I X  F 
 

Ground Water Elevation Data Summary and 
Excavated Trench Soil Volumes 



11/9/1998 2/16/1999 5/10/1999 8/9/1999 11/9/1999 5/15/2000 12/5/2000 1/29/2001 8/13/2001 11/27/2001 2/4/2002 5/6/2002

Well
Till Water 
Elevation

Till Water 
Elevation

Till Water 
Elevation

Till Water 
Elevation

Till Water 
Elevation

Till Water 
Elevation

Till Water 
Elevation

Till Water 
Elevation

Till Water 
Elevation

Till Water 
Elevation

Till Water 
Elevation

Till Water 
Elevation

Minimum Till 
Elevation

Maximum Till 
Elevation

Median Till 
Elevation

Number (feet AMSL) (feet AMSL) (feet AMSL) (feet AMSL) (feet AMSL) (feet AMSL) (feet AMSL) (feet AMSL) (feet AMSL) (feet AMSL) (feet AMSL) (feet AMSL) (feet AMSL) (feet AMSL) (feet AMSL)

S-1 1,2 878.98 881.44 881.11 879.27 878.25 879.07 881.02 881.45 880.48 881.23 882.01 882.49 878.25 882.49 881.1
PZ-1 3 878.68 881.86 880.56 878.89 878.00 NM 880.52 880.89 880.00 880.70 881.45 881.87 878.00 881.87 880.6
S-2 4 878.62 880.75 880.46 878.86 878.02 879.62 880.45 880.81 879.95 880.60 881.31 881.74 878.02 881.74 880.5
S-3 5, 6, 7 877.99 879.75 879.46 878.15 877.39 878.76 880.01 879.77 878.99 879.57 880.27 880.43 877.39 880.43 879.5

Notes:
AMSL = Above mean sea level
PVC    = Polyvinyl chloride inner well casing
NM     = No measurement

Associated 
Trench 

Segments

TABLE F-1

Sand and Gravel Ground Water Elevations Along Augmented SVE Trench Alignment

Enviro-Chem Superfund Site
November 1998 to May 2002

Zionsville, Indiana

E N V I R O N



Average Trench Soil Soil Fluff Soil Stockpile
SVE Trench Length Depth Width1 Volume Mass2 Factor3 Volume

Segment (feet) (feet) (feet) (feet 3) (yards 3) (tons) (dimensionless) (feet 3) (yards 3)
1 135 11 2.5 3,713 138 186 1.25 4,641 172
2 165 11 2.5 4,538 168 227 1.25 5,672 210
3 115 10 2.5 2,875 106 144 1.25 3,594 133
4 145 8 2.5 2,900 107 145 1.25 3,625 134
5 110 10 2.5 2,750 102 138 1.25 3,438 127
6 205 15 2.5 7,688 285 384 1.25 9,609 356
7 110 10 2.5 2,750 102 138 1.25 3,438 127

Total Estimate 27,213 1008 1,361 34,016 1,260

Notes: 
 1 Two-foot wide trench specified, however some widening to to side disturbance is expected
 2  Assumed soil mass conversion:  1.35 tons per cubic yard.
 3  Fluff factor reference: RACER 2001.

TABLE F-2

Estimated Excavated Trench Soil Volumes
Enviro-Chem Superfund Site

Zionsville, Indiana

E N V I R O N



  

   

A P P E N D I X  E 
 

Design Methodology for  
Permeable Reactive Gate Vessel 



 E-1 E N V I R O N 

APPENDIX E 
 

Design Methodology for Permeable Reactive Gate System 
 

A Permeable Reactive Gate System (PRGS) will be installed to treat any subsurface water at 
the Enviro-Chem Superfund Site (“ECC Site” or the “Site”) that infiltrates into the augmented SVE 
trenches and increases the water level in the trenches to the elevation of the perforated collection 
pipe.  At that point, the water will flow out of the trenches, through underground drainage pipes, to 
the PRGS collection manhole and then pumped to the PRGS treatment vessel.   

The required residence time for each COC (chlorinated VOC subset only) in the PRGS treatment 
vessel was calculated by Envirometal Technologies, Inc. (ETI) as part of the design process.  Cis-1,2-
dichloroethene (cis-1,2-DCE) is the contaminant of concern (COC) present in the till water 
requiring the longest detention time based on published information on degradation rates and 
maximum concentrations historically detected in surface and subsurface water samples.  As such, 
the PRGS is designed to treat cis-1,2-DCE to below the corresponding Effluent Limit for Discharge 
of Treated Water to Unnamed Ditch of 2.0 ug/L (Design Report, Table 2-3).    

Influent concentrations and associated decay rates for all COCs were considered by ETI in 
the PRGS design process.  The influent concentrations are the maximum concentrations detected in 
well T-9 during 1999-2001 compliance monitoring.  Well T-9 is located immediately down gradient 
of the hotspot areas, close to the proposed ASVES trench.  The concentrations are viewed as 
conservative, because termination of the active phase requires that the water in the PRGS collection 
manhole meet the Acceptable Stream Concentrations.   

The influent concentrations, decay rates, and calculated residence times used to design the 
PRGS vessel are as follows: 
 

 
COCs 

Cleanup 
Target (μg/L) 

Influent 
Concentration (μg/L) 

Degradation 
Rate (hr-1) 

Calculated Residence 
Time (hrs)  

1,1-Dichloroethene 2 1 0.116 --- 
cis-1,1-Dichloroethene 2 110 0.099 41 
trans-1,2-Dichloroethene 2 110 0.099 41 
Tetrachloroethene 5 0.9 0.139 --- 
1,1,1-Trichloroethane 200 1 0.347 --- 
1,1,2-Trichloroethane 42 1 0.099 --- 
Trichloroethene 10 0.5 0.173 --- 
Vinyl chloride 10 370 0.116 33 
Notes: 
 NA = Effluent limits not set forth in February 1997 Briefing Memo. 
 --- = Influent concentration meets Cleanup Target without treatment in the PRGS. 

 
Design Flow Rate 

Estimated flow rate for the PRGS is based on the anticipated discharge of till water into the 
augmented SVE trenches and subsequent flow of the water through the collection piping to the 
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PRGS treatment vessel.  Two flow rates were estimated for the PRGS: one is the average flow rate 
that represents flow under typical site conditions and the second is the maximum flow rate that 
represents flow under high intensity rainfall conditions (i.e., a significant magnitude and short 
duration precipitation event).  The calculation of the average flow for this design assumes the flow 
into the PRGS is equivalent to the flow through the portion of the shallow till unit that is intersected 
by the thin barrier curtain wall (TBCW).  A form of Darcy’s Law was used to estimate the flow rate 
(QA) for the PRGS. 
 

QA = KAI 
 
Where: 
K = hydraulic conductivity (feet per day [ft/d]). 
A = saturated cross-sectional area perpendicular to the till water flow direction  

 (square feet [ft2]). 
I = hydraulic gradient (feet per foot [ft/ft]) 

 
The hydraulic conductivity of the till unit, 0.0251 ft/d, is from the 2006 till water extraction 

testing at well HS-2 reported in ENVIRON’s August 2006 Till Water Pump Testing Report (the 
“Pump Testing Report”).  The saturated cross-sectional area perpendicular to the till water flow 
direction is equivalent to the area defined by the transect extending from the north end of 
augmented SVE trench segment 4 to the north end of augmented SVE Trench Segment 7, as shown 
on Drawing C-3 (i.e., 294 feet), and a conservative estimate of the saturated depth of the barrier 
wall near the north end of augmented SVE Trench Segment 4 (25 feet).  The hydraulic gradient is 
the maximum historical gradient between T-10 and T-8 calculated from the water level 
measurements during the 1999 through 2002 till water sampling events. 
 

The calculations for the design flow rate are as follows: 
 
K = 0.0251 ft/day 
A = (294 ft * 25 ft) or 7,350 ft2 
I = 0.011 ft/ft 
QA = 2.03 ft3/d or 15.2 gallons per day (gpd) 

 
Based on these calculations, the flow rate (QA) for the design is estimated to be approximately 15.2 
gpd. 

The maximum flow rate (QP) assumes periodic intense precipitation events may cause water 
levels within the augmented SVE trench segments to rise significantly over short periods of time.  
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Although the design of the augmented SVE trench segments (covering the trench segments with 
geomembrane and compacted fill) minimizes the likelihood of such rises, for design purposes, it is 
assumed that water levels may rise as much as 0.25 feet during a significant rain event (based on a 
rise in water level of less than approximately 0.25 feet measured in wells HS-1, HS-1A, PS-2, and 
PT-3 during a 1.6 inch precipitation event that lasted less than one hour during the July 2006 till 
water extraction testing).   

The design dimensions of the augmented SVE trenches are shown on Drawing C-3 (width of 
2 feet and combined length of 985 feet).  A uniform 0.25-foot rise in water levels within the 
augmented SVE trenches and a porosity (n) of the augmented SVE trench backfill of 0.30 are 
assumed.  Based on these assumptions, the additional volume of water within the trenches is 
expected to be approximately 1,105 gallons. 

The calculations for the estimated peak flow rate are as follows: 
 

VW = Saturated Volume (VS) x Porosity or VW = VSn 
VS = 985 ft x 2 ft x 0.25 ft or 492.5 ft3 
n = 0.30 
VW = 147.75 ft3 or 1,105 gallons 

 
Assuming this additional volume of water is discharged from the augmented SVE trenches 

over a 24-hour period: 
 

QP = VW / t  
 

Based on these calculations, the design maximum flow rate (QP) approximately  
1,105 gpd. 
 
Residence Time and Volume of Granular Iron 

Based on a data base maintained by EnviroMetal Technologies, Inc. (ETI), a residence time 
of approximately 41 hours (1.7 days) would be required to reduce the highest detected concentration 
of cis-1,2-DCE (110 ug/L; in till well T-9, located in the vicinity of Trench Segments 5, 6, and 7) to 
below the corresponding Effluent Limit for Discharge of Treated Water to Unnamed Ditch of 2.0 
ug/L.1  The volume of granular iron required in the PRGS reactor vessel is calculated as follows: 
 

VI = Qt/n 
 
Where: 

                                                 
1 Calculated using a degradation rate of 0.099 hr -1 provided by ETI based on first-order degradation simulations. 
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Q = flow rate (147.75 ft3/day estimated) 
t = residence time (1.7 days) 
n = porosity (0.4 for 100% granular iron) 
VI = 627 ft3 or 47 tons (using a bulk density of for the granular iron of 0.075 tons/ ft3, as 

provided by ETI) 
 

Based on these calculations, the amount of granular iron needed within the PRGS reactor 
vessel is approximately 627 ft3 or 47 tons.   

 
PRGS Reactor Tank Dimensions and Head Requirements 

Based on design details provided by ETI, the reactor vessel will be divided into three 
separate sections:  a pretreatment zone; a 100% iron zone; and an effluent zone (Drawing C-12).  
Flow occurs downwards through the pretreatment and iron zones.  The interior dimensions of the 
PRGS reactor vessel needed to contain the required amount of granular iron are as follows: 
 

• Pretreatment zone – length of 2 ft, width of 13 ft, and depth of 4 ft; 
• 100% iron zone – length of 13 ft, width of 13 ft, and depth of 4 ft; 

 
Therefore, the head difference needed to promote vertical flow in the pretreatment zone is 

calculated as follows: 
 

Cross-sectional area (A) = 2 ft x 13ft = 26 ft2 
Specific Discharge (v) = Q/A = 148 ft3/day/26 ft2 = 5.7 ft/day 
Δz = 4 ft, K = 50 ft/day (for a iron/sand mix) 
Δh = v x Δz / K = 0.5 ft 

 
Similarly, the head difference needed to promote vertical flow in the 100% iron zone is 

calculated as follows: 
 

Cross-sectional area (A)  = 13 ft x 13 ft = 169 ft2 
Specific Discharge (v)  = Q/A = 148 ft3/day/169 ft2 = 0.87 ft/day 
Δz = 4 ft, K = 70.9 ft/day (for 100% granular iron) 
Δh = v x Δz / K = 0.05 ft 
 
Based on these calculations, the total head difference required to promote flow through the 

reactor vessel is less than 1 foot. 
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I.  INTRODUCTION/BACKGROUND 
 

This Addendum to the April 28, 1997 Field Sampling Plan (FSP), referred to herein as the 
“Addendum to the FSP,”  describes the rationale and procedures for sampling and other field 
investigations conducted in association with the Attachment Z-1 Remedy at the Enviro-Chem 
Superfund Site (“ECC” or the “Site”), located in Zionsville, Indiana.  This Addendum to the FSP 
includes relevant field sampling procedures contained in the existing FSP for the site (Field 
Sampling Plan, Revision 4, dated April 28, 1997) and provides additional field sampling details 
pertaining to the augmented soil vapor extraction (SVE) system.  Portions of the April 28, 1997 FSP 
are appended to this Addendum to the FSP where relevant. 

The primary activities described in the Addendum to the FSP include: (1) subsurface water 
monitoring and water level measurement; (2) surface water monitoring; (3) soil vapor sampling; (4) 
soil sampling for waste characterization; (5) sampling of biopolymer slurry after addition of 
enzyme; (6) monitoring of Permeable Reactive Gate System (PRGS) effluent; and (7) wastewater 
discharge monitoring.  This Addendum to the FSP has been included as Appendix D to the Design 
Report for Augmentation of SVE System (the “Design Report”).   

The primary objective of the augmentation of the SVE system is to treat subsurface water 
and soil contamination in the vicinity of the augmented SVE trench system and prevent off-site 
migration of contaminated subsurface water to Unnamed Ditch.  The existing SVE system will be 
augmented by additional SVE trenches to be installed generally along the alignment of a ground 
water collection trench previously required as Additional Work in Revised Exhibit A to the Consent 
Decree.  The augmented SVE trenches will be connected to the existing SVE system and will be 
operated using all of the basic operations of the existing SVE system.  In order to provide additional 
protection to Unnamed Ditch, the Attachment Z-1 Remedy also includes a perimeter thin barrier 
curtain wall (TBCW), which was constructed in May 2006, and a permeable reactive gate system 
(PRGS). 

After construction pf the augmented SVE trenches and the PRGS is complete, there will be 
several distinct phases of the Attachment Z-1 Remedy.  The activities will be different for each 
period.  The periods and the associated activities are as follows: 
 

• Active Phase:  This is defined as the period of operation of the augmented SVE trench 
system. 

 
• Phase I Monitoring:  This is defined as the 1-year period beginning when the Soil Vapor 

Standards have been achieved in the augmented SVE trenches.  At the completion of the 
Phase I Monitoring period, Phase II Long-Term Monitoring will begin at the Site. 
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II.  FIELD SAMPLING PROGRAM 
 

The sampling and analysis schedule for the Attachment Z-1 Remedy is described in Table 
D-1.  The sampling locations and analyses are described below.  The sampling equipment and 
procedures are discussed in Section III.  All sampling will be performed by the Trust’s Engineer 
with the exception of the soil vapor sampling discussed in Section II.C below, which will be 
performed by the Contractor/Operator. 
 
A. Subsurface Water Monitoring 

Subsurface water samples will be collected from the PRGS, augmented SVE trenches, and 
sand and gravel monitoring wells as follows: 
 

Combined Trench Segment Water Sample  
A combined trench water sample may be taken from the PRGS collection manhole if, after 
completion of SVE, water accumulates in the augmented SVE trench segments.  This 
sample will be collected using a dedicated bailer, which will be lowered into the PRGS 
collection manhole, after the connection valves to the conveyance piping from the east and 
west sides of the Site are opened and water accumulates in the sump.  If no water is present 
within the PRGS collection manhole at the time of the sampling event (end of Active Phase 
or after waiting 60 days), the PRGS combined water sampling will be considered complete. 
 
Augmented SVE Trenches 
Subsurface water samples from the individual augmented SVE trench segments will be 
collected from the vertical dewatering well installed within each augmented SVE trench 
segment.  The locations of the trench dewatering wells are shown on Figure D-1.  If 
insufficient water is present, the sampling for that trench segment will be considered 
complete for that event.  Sampling of the trenches, if water is present, is scheduled for the 
Active Phase, the Phase I Monitoring period, and the 2-year Phase II(a) Long-Term 
Monitoring period.  Active Phase, Phase I Monitoring and Phase II(a) samples shall be 
analyzed for the volatile organic compounds (VOCs) and semivolatile organic compounds 
(SVOCs) with Acceptable Stream Concentrations (Table 2-1).   
 
Sand and Gravel Monitoring Wells 
A subsurface water sample will be collected from sand and gravel monitoring wells S-1,  
S-4B and S-5 during the Active Phase, Phase I, and Phase II(a) monitoring periods.  The 
locations of sand and gravel monitoring wells S-1, S-4B and S-5 are shown on Figure D-1.  
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• Phase II Long-Term Monitoring:  This is defined as the period following the completion 
of Phase I Monitoring.  Phase II Long Term Monitoring is divided into Phase II(a) and 
Phase II(b), as described in the Design Report. 
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The samples will be analyzed for VOCs and SVOCs with Acceptable Stream Concentrations 
(Table 2-1). 

 
B. Surface Water Monitoring  

Surface water samples will be collected from Unnamed Ditch at three locations, designated 
SW-1, NSL-1 and SW-2, at the east boundary of the Site.  The surface water sampling locations are 
shown on Figure D-1.  The surface water samples will be analyzed for VOCs and SVOCs with 
Acceptable Stream Concentrations (Table 2-1). 

 
C. Soil Vapor Sampling  

During the Active Phase, pre-treatment vapor from each individual SVE trench will be 
collected periodically and analyzed for the VOCs and SVOCs with Soil Vapor Standards (Table 2-
2) at on off-site laboratory according to the schedule in the Design Report.  The trench vapor 
samples will be obtained from the existing sampling ports at the individual inlets at the existing 
SVE manifold at the Treatment Building or at the individual wellheads. 

In addition, the combined vapor from all of the active trench segments will be analyzed for 
total organics using the in-line Series 8800 Continuous Analyzer as needed by the Contractor for 
system optimization.  During the first week of operation of the SVE system, five vapor samples will 
be collected from the combined vapor stream for laboratory analysis concurrently with the in- line 
vapor measurements to establish a correlation between the in-line Continuous Analyzer and 
laboratory results.  The laboratory samples for correlation will be analyzed for the Soil Vapor 
Standard list of parameters (Table 3-1). 

Confirmation sampling after restart testing will be performed by the Trust’s Engineer from 
the wellheads of the SVE trenches being tested.  Summa canister samples will be analyzed for the 
VOCs and SVOCs with Soil Vapor Standards (Table 2-2). 

If the ex situ SVE soil treatment cell discussed in Section 2.8 of the Design Report  is used 
to treat excess soils excavated from the augmented SVE trenches, soil vapors extracted from the  
ex situ cell will be sampled for compliance purposes with restart spike testing as described for the 
augmented SVE system in the Design Report.  Ex Situ cell samples will be taken from a manifold 
port in the Treatment Building where the vapors from the individual vacuum lines are combined.  
The soil treatment cell vapors will be analyzed for the VOCs and SVOCs with Soil Vapor Standards 
(Table 2-2). 
 
D. Soil Waste Characterization Sampling 

Soil samples will be collected and analyzed as part of excavated soil management activities.  
Initially, the stockpiles and upper soils will be scanned using a photoionization detector (11.7 eV 
lamp) as described in Section 2.8 of the Design Report.  To characterize excess excavated soil, soil 
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samples will be collected for laboratory analysis from the stockpile of soil excavated from each 
augmented SVE trench at a frequency of one sample per SVE trench segment.  All excavated soil 
samples will be collected as grab samples and will be analyzed for the VOCs, SVOCs, inorganic 
parameters and PCBs with Acceptable Stream Concentrations (Table 2-1) using the Synthetic 
Precipitate Leaching Procedure (SPLP), as well as the VOCs and SVOCs with Acceptable Soil 
Concentrations (Table 2-1) using standard (non-leachate) methods. 

 
E. Trench Water Biopolymer Slurry Break Down Sampling 

As discussed in Section 2.4.1 of the Design Report, following the addition of enzyme to the 
trench segments to break down the biopolymer slurry, one sample will be collected from each 
trench segment and analyzed for Biochemical Oxygen Demand (BOD), viscosity, and, if 
recommended by the Contractor, other indicator parameters.  Samples for BOD will be obtained 
from the biological treatment unit (if used) prior to sending the solution to the ECC treatment plant. 

 
F. PRGS Effluent Monitoring 

As discussed in Section 5.2.2 of the Design Report, after Phase II(a) Long-Term Monitoring 
period is completed, one sample of treated effluent will be collected from the sample collection port 
at the outflow of the PRGS Treatment Vessel for laboratory analysis on an annual basis.  Samples 
shall be analyzed for Acceptable Stream Concentration parameters (Table 2-1). 

 
G. Wastewater Discharge Monitoring 

As discussed in Section 2.8.3 of the Design Report, the water treatment system will be tested 
for compliance with wastewater discharge limits by conducting analysis of each batch of treated 
water stored in the 150,000-gallon treated wastewater tank prior to discharge.  Sampling and 
laboratory analysis of the treated water will be conducted by the Contractor and the results 
submitted to Indiana Department of Environmental Management (IDEM) for approval to discharge.  
Effluent limits are provided in Appendix D-1.   
 
H. Water Level Measurements 

Water level measurements will be made from the TBCW piezometers quarterly during the 
Active Phase, the 1-year Phase I monitoring period, and the 2-year Phase II(a) monitoring period.  
Also, water levels will be measured in the SVE trench dewatering wells during the Phase I 
Monitoring period. 
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III.  FIELD SAMPLING PROCEDURES 
 

The overall sampling objective is to collect data of sufficient quality and quantity to achieve 
the highest level of confidence and, therefore, the lowest level of uncertainty in determining the 
completeness of the Attachment Z-1 Remedy activities.  The sampling to be conducted during 
construction, augmented SVE system operation, and Phase I and Phase II Monitoring periods is 
designed to achieve this overall objective, as described in the following sections.  A list of field 
equipment for each sampling program is provided in Table D-2.  Field procedures are provided in 
Appendices D-2 through D-8 to this Addendum to the FSP.   

CompuChem Laboratories of Cary, North Carolina and Air Toxics of Folsom, California 
will provide the analytical services.1  Sample containers, sample preservation requirements and 
holding times are provided in Table D-3.  Quality assurance measures are outlined in the Quality 
Assurance Project Plan (QAPP), included in Appendix H of the Design Report.   

 
A. Subsurface Water Sampling Procedures  
 

Combined Trench Segment Water Sample  
The combined trench segment water sample will be collected from the PRGS collection 
manhole after all of the PRGS conveyance pipe valves are opened and sufficient water has 
accumulated.  The combined PRGS water sample will be collected using a dedicated Teflon 
bailer, peristaltic pump or bladder pump (with dedicated tubing) and placed in laboratory 
containers.  If sufficient water is not encountered, the sampling will be postponed for 
approximately 60 days, if sufficient water is not encountered at that time, the sampling event 
will be considered complete. 
 
Subsurface Water Monitoring - Augmented SVE Trenches 
The subsurface water samples from the vertical dewatering wells installed within each 
augmented SVE trench segment will be collected using dedicated Teflon bailers.  No 
purging of the wells will be conducted prior to sample collection.  Field procedures for 
collection of water samples using dedicated bailers are contained in Appendix D-2.  
Procedures for field measurement of water parameters are also included in Appendix D-2. 
 
 
 

                                                 
1 The biopolymer slurry analyses may be conducted at a different laboratory selected by the Contractor and detailed in 

the Contractor Submissions.  Alternate laboratories utilized by the Contractor shall require approval by the ECC Trust 
and the United States Environmental Protection Agency/Indiana Department of Environmental Management 
(USEPA/IDEM) prior to performance of any analytical work. 
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Sand and Gravel Monitoring Wells 
Subsurface water samples will be collected from sand and gravel monitoring wells S-1,  
S-4B, and S-5 in accordance with USEPA-approved low flow sampling procedures outlined 
in a November 10, 2000 letter, which is provided in Appendix D-3. 

 
B. Surface Water Sampling Procedures 

The surface water samples from Unnamed Ditch will be collected in accordance with the 
surface water sampling procedures outlined in the 1997 FSP and included as Appendix D-4. 
 
C. Soil Vapor Sampling Procedures 

Augmented SVE trench segment soil vapor samples for laboratory analysis will be collected 
from vapor sample ports at the SVE manifold in the Treatment Building into a laboratory-supplied 
Tedlar bag or SUMMA canister (all analytes except phenol) and using XAD sorbent tubes (for 
phenol) in general accordance with the procedures contained in Appendix D-5.  When sampling into 
a Tedlar bag or the sorbent tubes, a vacuum sampling pump will be used to withdraw the sample 
from the vacuum system into the bag/tube.   

Combined soil vapor samples from the untreated vapor stream will be taken from a sampling 
port after the SVE inlet pipe manifold in the Treatment Building.  The procedures outlined in 
Appendix D-5 will be used for the combined sample collection also.   The vapors from the 
augmented SVE trenches must be isolated from the vapors from the ex situ SVE soil treatment cell, 
if in use, prior to obtaining this combined sample.  If SUMMA canisters are used, the vacuum in the 
canister is expected be sufficient to draw in the sample.  A vacuum sampling pump will be used 
when Tedlar bags or sorbent tubes are used to collect the samples. 

Confirmation soil vapor samples taken after the 21 day shutdown of the system will be 
collected as follows.  The SVE system will be restarted for approximately 30 minutes to purge the 
SVE collection piping, then will be shut down again.  At each SVE wellhead, the SVE inlet port 
will be connected to a vacuum sampling pump and the line will be purged for approximately 2 to 3 
minutes.  The tubing will then be attached to a 6-liter Summa canister.  The regulator of the Summa 
canister will be laboratory-set for a 15 to 30 minutes sampling period.  At the end of the sampling 
period (or when approximately 5 inches mercury vacuum remains in the canister), the sampling will 
be complete and the canister inlet will be closed.  The sample canister will be handled as described 
in Appendix D-5.  The Summa canister samples will be analyzed for the VOC and SVOC 
parameters listed in Table 2-2 of the Design Report.  Upon completion of the Summa canister 
sampling, the sample for phenol analysis will be obtained from the same SVE wellhead port using 
the vacuum sampling pump and XAD sorbent tubes as described in Appendix D-5. 

Any additional vapor samples collected from the ex situ SVE soil treatment cell will be 
collected using the same procedures as vapor samples collected during operation of the augmented 
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SVE system.  The vapor from the ex situ SVE soil treatment cell must be isolated from the vapors 
from the augmented SVE trenches for this sampling. 

 
D. Soil Waste Characterization Sampling Procedures 

One soil waste characterization sample will be collected from each stockpile of excess soil 
excavated from the augmented SVE trenches in accordance with the procedures contained in 
Appendix D-6.  The samples will be collected as grab samples from a depth of approximately one 
foot below the surface of the stockpile. 
 
E. Trench Water Biopolymer Breakdown Sampling Procedures 

Samples of trench water and containerized biopolymer slurry following the enzyme 
treatment will be collected as grab or composite samples from the trenches in accordance with 
procedures for water sampling using dedicated bailers and described in Appendix D-2. 
 
F. PRGS Effluent Monitoring Procedures 

Sampling of PRGS effluent will be conducted during the Phase II(b) Monitoring period 
(after the conclusion of the 2-year Phase II(a) Long-Term Monitoring period) using a dedicated 
Teflon bailer as described for subsurface water sampling in Appendix D-2.  Water will not be 
evacuated from the PRGS treatment vessel sample port prior to sample collection. 
 
G. Wastewater Discharge Monitoring Procedures 

The sample of the treated wastewater will be collected from Tank T-4 using a dedicated 
disposable bailer.  Since Tank T-4 is not covered, the bailer may be lowered from the access 
stairway. 
 
H. Water Level Measurements 

Water level measurements will be collected from the TBCW piezometers and SVE trench 
dewatering wells according to the procedures contained in Appendix D-2. 
 
I. Sample Designation 

A sample numbering system has been developed for the Attachment Z-1 Remedy that will 
include the following sequential information: 

 
• Name of Site – ECC; 
• Sample Matrix – Soil Vapor (SV); Subsurface Water (SSW), Combined Subsurface 

Water (CSSW), Surface Water (SW), Soil (S); PRGS Effluent (EFF), and Augmented 
SVE System Wastewater (WW); 
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• Soil, soil vapor, trench segment, monitoring well, surface water location, trip blank 
number, or other appropriate location identifier; 

• Sample date; and 
• Quality Assurance/Quality Control (QA/QC) Modifiers – Field equipment blank (B), 

field duplicate (D), and matrix spike/matrix spike duplicate (M). 
 

For example, a sample collected from Trench Segment 2 during a subsurface water sampling 
event on October 2, 2008 would be labeled ECCSSW-TS2-100208.  All field samples will be 
identified with sample identification labels consisting of gummed paper labels that include the 
sample designation and the following additional information: 

 
• Site name 
• Project number 
• Name of collector 
• Affiliation of collector 
• Date and time of collection 
• Analyses requested 

 
J. Decontamination Protocol for Sampling Equipment 

The decontamination protocol for sampling equipment is provided in Appendix D-7. 
 
K. Sample Handling and Analysis 

Sample handling and analytical procedures are presented in Appendix D-8.  
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TABLE D-1

Sampling Schedule and Analytical Parameters
Enviro-Chem Superfund Site

Zionsville, Indiana

Matrix Sampled Sampling Area Frequency Field Parameters Laboratory Analyses Laboratory Methods Duplicates
Trip 

Blanks

Field 
Equipment 

Blanks
MS/MSD

Soil Vapor- Individual Trench 
Segments 

SVE System- Treatment 
Building at field piping 
connection to building piping

Daily- 1st week, weekly- next 4 
weeks, biweekly thereafter during 
Active Phase         

- SVOCs, VOCs1
VOCs and SVOCs by EPA 

Method TO-15, except phenols 
by EPA Method TO-13A 

-- -- 1/10 (phenol) --

Soil Vapor- All Trench 
Segments Combined

SVE System- Treatment 
Building at the in-line analyzer

Daily for first 5 weekdays, 
thereafter as required by 
Contractor for system 
optimization, if correlation 
established         

Total organics using in-line 
Continuous Analyzer, Vapor 

flow rate
total organics Total Organics- Field Series 

8800 Continuous Analyzer -- -- -- --

Soil Vapor- All Trench 
Segments Combined

SVE System- Treatment 
Building at manifold samling 
port

Daily for first 5 weekdays - SVOCs, VOCs1
VOCs and SVOCs by EPA 

Method TO-15, except phenols 
by EPA Method TO-13A 

-- -- 1/10 (phenol) --

Soil Vapor - Individual trench 
segments

SVE well head at trench 
segment

Following restart for confirmation 
of shut down criteria - SVOCs, VOCs1

VOCs and SVOCs by EPA 
Method TO-15, except phenols 

by EPA Method TO-13A 
-- -- 1/10 (phenol) --

Soil Vapor- Ex-situ  Treatment 
Cell, Combined

SVE System- Treatment 
Building

Minimum of one sample per 
month during operation of SVE for 
ex-situ  treatment cell and 
following restart spike tests to 
confirm shutdown

- SVOCs, VOCs1
VOCs and SVOCs by EPA 

Method TO-15, except phenols 
by EPA Method TO-13A

-- -- 1/10 (phenol)

Excess Soil Excavated from 
Augmented SVE Trenches

Soil stockpiles from trench 
excavation

One soil sample per augmented 
SVE trench PID 

VOCs, SVOCs, Inorganics, and 
PCBs by SPLP and non-

leachate analysis of VOCs and 
SVOCs2

SW-846 Methods 8260B, 
8270C, 6010, and 8082 -- -- -- --

Water (biopolymer slurry after 
enzyme addition)

Biopolymer Slurry from SVE 
trench segments One-time

Field tests as required to 
confirm biopolymer slurry 

breakdown

BOD, viscosity, and/or other 
parameters to confirm 

biopolymer slurry breakdown

 SW-846 Method 405.1 for 
BOD; appropriate physical test 
methods for viscosity or other 

parameters to confirm 
biopolymer slurry breakdown

-- -- -- --

Subsurface Water- single 
combined water sample3

PRGS Pipe Collection 
Manhole

One sample following two 
successful Restart Spike Tests and 
one sample following each 90 days 
of additional SVE system 
operation

pH, specific conductance, 
temperature                         
(field filter samples for metals 
and PCBs)

VOCs, SVOCs4, some metals4, 
cyanide, PCBs

SW-846 Methods 8260B, 
8270C, 6010, ILM04.1 1/10 1/ shipment 1/10 --
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TABLE D-1

Sampling Schedule and Analytical Parameters
Enviro-Chem Superfund Site

Zionsville, Indiana

Matrix Sampled Sampling Area Frequency Field Parameters Laboratory Analyses Laboratory Methods Duplicates
Trip 

Blanks

Field 
Equipment 

Blanks
MS/MSD

Subsurface water within each 
trench segment

Augmented SVE Trench 
Dewatering Wells

Semi-annual sampling of each 
operating trench segment during 
operation of the SVE system; 
quarterly sampling during the 1-
year Phase I and 2-year Phase II(a) 
monitoring periods5

pH, specific conductance, 
temperature, water level             
(field filter samples for metals 
and PCBs)

VOCs, SVOCs4, some metals4, 
cyanide, PCBs

SW-846 Methods 8260B, 
8270C, 6010, ILM04.1 1/10 1/ shipment 1/10 1/20

Treated Subsurface 
Water/Effluent

PRGS Treatment Vessel- 
Effluent Sampling Port

Annual sampling after completion 
of the 2-year of Phase II(a) 
monitoring

pH, specific conductance, 
temperature                         
(field filter samples for metals 
and PCBs)

VOCs, SVOCs4, some metals4, 
cyanide, PCBs

SW-846 Methods 8260B, 
8270C, 6010, ILM04.1 1/10 1/ shipment 1/10 1/20

Subsurface Water Sand and Gravel Monitoring 
Wells S-1, S-4B and S-5

Semi-annual sampling during 
operation of the SVE system; 
quarterly sampling during the 1-
year Phase I and 2-year Phase II(a) 
monitoring periods

pH, specific conductance, 
temperature, water level             
(field filter samples for metals 
and PCBs)

VOCs, SVOCs4, some metals4, 
cyanide, PCBs

SW-846 Methods 8260B, 
8270C, 6010, ILM04.1

1/10 1/ shipment 1/10 1/20

Surface Water Unnamed Ditch, at Locations 
SW-1, NSL-1 and SW-2

Semi-annual sampling during 
operation of the SVE system; 
quarterly sampling during the 1-
year Phase I and 2-year Phase II(a) 
monitoring periods

Stream Observations VOCs, SVOCs6, some metals, 
cyanide

SW-846 Methods 8260B, 
8270C, 6010, ILM04.1

1/10 1/ shipment -- 1/20

--- Thin Barrier Curtain Wall 
Piezometers

Quarterly during the 1-year Phase 
I Monitoring period

Water Level Measurements -- -- -- -- -- --

Augmented SVE System
Wastewater Discharge 
Monitoring- Tank T-4 or 
discharge port

Prior to each batch discharge --
VOCs with Approved Effluent 
Limits (see Attachment C-1 of 

FSP Addendum)
SW-846 Method 8260B 1/10 -- 1/10 N/A

                                 Key: VOCs= volatile organic compounds; SVOCs= semivolatile organic compounds; PCBs= polychlorinated biphenyls
SVE= soil vapor extraction
PID = Photoionization Detector
 MS/MSD = Matrix Spike/Matrix Spike Duplicate

-- = None/Not Applicable
TBD = To be determined
1 VOCs and SVOCs listed in Table 3-1 with Soil Vapor Standards. (Table 2-2 in the Design Report for the Attachment Z-1 Remedy).

4 VOCs and SVOCs listed in Table 2-1 with Acceptable Stream Concentrations (Table 2-1 in the Design Report for the Attachment Z-1 Remedy).

6 VOCs and SVOCs listed in Table 2-1 with Acceptable Surface Water Concentrations (Table 2-1 in the Design Report for the Attachment Z-1 Remedy).

5 Additional samples may be collected during SVE system operation at the discretion of the ECC Site Trust.

3 If no water in PRGS system at end of Active Phase and after 60 days, sampling will be considered complete.

2 Analysis of VOCs and SVOCs with Acceptable Soil Concentrations in Table 2-1 of the Design Report for the Attachment Z-1 Remedy; additional analysis may be added if disposed off site.
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TABLE D-2

Field Equipment
Enviro-Chem Superfund Site

Zionsville, Indiana

Activity Field Equipment
Subsurface Water Monitoring- 
Augmented SVE Trenches

Teflon bailers/cord
Water quality meter
Water level indicator
PID
PPE

Subsurface Water Monitoring- Sand and 
Gravel Wells S-1, S-4B and S-5

Well Pumps and tubing
Flow-through cell and water quality meter
Water level indicator 
Drums for temporary containment of purge water
PID
PPE

Subsurface Water Monitoring- PRGS 
Collection Manhole

Laboratory Cleaned Sample Collection Bottle      
Teflon bailer/cord
PID
PPE

PRGS Effluent Monitoring Teflon bailer/cord
Water quality meter
Water level indicator
PID 
PPE

Surface Water Sampling Laboratory Cleaned Sample Collection Bottle
Marking stakes to mark sampling station
PPE

Soil Vapor Sampling (for laboratory 
analysis)

Laboratory-prepared Summa cannisters with flow 
controllers or Tedlar bags, sampling pump, XAD 
sorbent tubes, ancillary equipment

Soil Waste Characterization Sampling Marking flags/stakes
Stainless steel sample spoons/scoops
PID
PPE

Trench Water Biopolymer Break Down 
Sampling

Bailers, pump or other sample collection tools
Field analytical test kits, as necessary

Decontamination Alconox™
Brushes
Distilled Water
Paper Towels
Tap Water
Water containers
PPE
Drums for temporary containment of decon water

Miscellaneous Calibration equipment for PID meter
Field book
Sample coolers, chain-of-custody forms, sample 
containers, lables and custody seals
Packing and shipping material
Field forms and logs
Permanent markers

Key:
  PPE = Personnel protective Equipment
  PID = Photoionization dector
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TABLE D-3

Sampling Containers, Preservation, and Holding Times
Enviro-Chem Superfund Site

Zionsville, Indiana

Matrix Parameter Container Preservation Hold Times Sample Volume
HC1 to pH <2; 3 x 40 mL

Cool to 4 °C
Water SVOCs Amber Glass Cool to 4 °C 7 days to extractions;

40 days until analysis
2 X 1000 mL

Water
some metals and 

cyanide1 Plastic NaOH 14 days 500 ml

Soil VOCs (SPLP) Glass Cool to 4 °C 14 days to leach; 14 days from 
leach to analysis

4 oz.

Soil VOCs Glass Vials2 Cool to 4 oC
 2 with 5 mL sodium 
bisulfate, 1 with 5 mL 

methanol

14 days 3 x 40 mL

Soil SVOCs Clear Glass Cool to 4 °C 14 days to extractions
40 days until analysis

8 oz.

Soil SVOCs, PCBs (SPLP) Clear Glass Cool to 4 °C 14 days to leach; 7 days from 
leach to analysis

8 oz.

Soil Metals (not including 
mercury) (SPLP)

Clear Glass Cool to 4 °C 180 days to leach; 180 days 
from leach to analysis

8 oz.

Soil Vapor VOCs, 1,2-
Dichlorobenzene

SUMMA Canister or 
Tedlar Bag

NA 7 days 1000 mL or 6000 mL

Soil Vapor Phenol XAD sorbent tubes Cool to 4 °C 7 days XAD sorbent tubes

Key:

Note 1:  Analysis list from Table 2-1 of the Design Report for the Attachment Z-1 Remedy, Acceptable Stream Concentration list.
Note 2:  Encore samples may be used instad of set of glas vilas if desired, however hold-time decreases.

  SPLP = Synthic Precipitation Leaching Procedure

  VOCs = Volatile organic compounds
  SVOCs = Semivolatile organic compounds
  HCl = Hydrochloric acid
  PCBs = Polychlorinated biphenyls 

Water VOCs Glass Vials 14 days
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ATTACHMENT D-6 
 

Soil Waste Characterization Sampling Procedures 

 

A. Introduction 

Soil waste sampling activities will be performed during construction of the 

augmented soil vapor extraction (SVE) system.  The procedures to be used during the 

collection of soil waste characterization samples from stockpiles of excess soils 

excavated from the augmented SVE trench segments are described below. 

 

B. Soil Sample Collection Procedures 

 

1. Field Screening 

Soils at five locations across each soil stockpile will be field screened for 

volatile organic compounds (VOCs) using a portable photoionization detector (PID) 

with an 11.8 eV bulb.  An approximately 1-foot deep hole will be dug at each 

location using a shovel.  A PID measurement will be made immediately, placing the 

probe near the base of the hole for approximately 15 seconds until the instrument 

has measured a maximum reading. 

 

2. Soil Sampling 
At least one sample will be collected from the soil stockpile for each augmented 

SVE trench segment for laboratory analysis (i.e., a total of 7 samples), at the locations 

that exhibit the highest PID instrument response.  The procedure for collecting waste 

soil samples (except non-SPLP VOC analysis samples) will be as follows: 

 

• At least 1 foot of soil will be scraped from the surface of the pile.  The 

samples will be collected from the newly exposed pile surface and placed in 

the sample jars using decontaminated sample spoons or scoops. 

• Samples will be collected by directly filling the sample containers with the 

appropriate sample volumes. 



   

 -2- E N V I R O N 

• Sample containers will be labeled with the sample ID, time, date, sampler 

and analysis. 

• Samples will be placed on ice and ship to CompuChem Laboratories within 

the holding time. 

 

Soil samples for VOCs (non-leachate analyses only) will be collected using 

United States Environmental Protection Agency (USEPA) SW-846 Method 5035 

(methanol field preservation method or equivalent methods).  The procedure for 

collection waste soil samples for VOC analysis will be as follows: 

 

• Prepare sampling area of the pile as described above. 

• Push a laboratory-supplied sample syringe into the pile surface to fill the 

syringe to the 5 gram mark. 

• Extrude the 5-gram soil sample directly into a laboratory-prepared glass (40-

ml) vials and replace the cover as soon as possible. 

• Repeat, collecting a 5-gram sample for each of the three laboratory-supplied 

vials (two containing sodium bisulfate preservative and one containing 

methanol preservative). 

• Fill a 4-ounce jar with soils from the same area of the VOC samples for 

moisture content analysis. 

• Label each vial and jar with sample identifier, time, date, sampler and 

analysis. 

• Place samples on ice and ship to CompuChem Laboratories within 24 hours. 
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Decontamination Procedures 
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Sample Handling Procedures 
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SECTION 01010 
 

SUMMARY OF WORK 
 
 
PART 1 – GENERAL 
 
1.01 SCOPE 
 

A. This section includes a brief description of the major components covered under 
this contract.  The scope of work includes both construction and operation of the 
remedial action.  A more complete description of the work is provided in individual 
sections of these Specifications and on the Drawings.  The Contractor shall furnish 
all equipment, labor, materials, health and safety, quality control services, and 
execution of all work necessary to complete the work for final acceptance as 
outlined in the Design Report. 

 
B. Background.  This removal action is subject to the requirements of the Consent 

Decree for “Additional Work” and Attachment Z-1 between the United States 
Environmental Protection Agency (USEPA) and the ECC Potentially Responsible 
Parties (PRPs). 

 
1.02 GENERAL REQUIREMENTS 
 

A. As minimum requirements, the Contractor shall observe and comply with all 
applicable federal, state, and local laws, rules and regulations in conducting the 
work.  The Contractor shall be responsible for contacting and informing the proper 
federal, state, and local agencies of the nature and timing of work activities and for 
securing all necessary and applicable permits required to perform the work covered 
by this contract. 

 
B. The Contractor shall protect utility lines and/or appurtenances as well as the cap 

over the Northern and Central SVE (soil vapor extraction) Areas.  It is the 
Contractor’s responsibility to locate existing utilities on site.  Any damage shall be 
repaired by the Contractor at no expense to the Environmental Conservation and 
Chemical Trust Fund (the “ECC Trust”).  Any required removal and replacement 
for construction access or other reasons shall also be the responsibility of the 
Contractor. 

 
C. Materials and equipment shall be adequate in capacity for the required usage, must 

not create unsafe conditions, and shall meet the requirements of all applicable codes 
and standards. 

 
1.03 DESCRIPTION OF WORK 
 

A. The steps required of the Contractor are described in the Design Report, final 
Design Submittals, the Design Drawings and the Contract.  The steps include the 
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implementation of the tasks outlined in Attachment Z-1 to achieve the cleanup 
levels described therein and includes the following work. 

 
1.04 SUBMITTALS 
 

As specified in project specifications and Design Report.  A list of submittals is attached 
to this Specification. 

 
1.05 PROJECT/WORK IDENTIFICATION 
 

1. Site preparation activities, which include all necessary clearing and grubbing 
activities, installing temporary construction access driveway, providing electrical 
hookups and electricity, where necessary, and installing/repairing erosion and 
sediment controls.   

 
2. Temporary Site Facilities:  Provide and maintain temporary site facilities during the 

performance of this contract such as office trailers, sanitary facilities, security, and 
the personnel decontamination area.   

 
3. Site Plans:  The Contractor shall prepare and implement a Contractor Health and 

Safety Plan, Contractor Quality Control Plan, and a Site Operations and 
Maintenance Addendum to the existing Operations and Maintenance Plan for use 
during construction and operation of the augmented SVE system.  The Contractor 
shall also be responsible for adherence to the Addendum to the Field Sampling Plan 
(where applicable), other approved plans (Decontamination Plan, Spill Control 
Plan, Erosion Control Plan, Off-site Disposal Plan, Augmented SVE Trench 
Construction Plan), and the approved Project Schedule.  An Ex Situ SVE Soil 
Treatment Configuration Plan shall be submitted for approval as soon as possible 
after determination of the soil volume (if any) to be treated. 

 
4. Construct on-site wastewater storage tank and fit to the existing wastewater 

treatment system (with new carbon vessels), and a temporary water transfer system. 
 

5. Upgrade existing ECC SVE vacuum system as required for operation of the facility 
for the duration of the program. 

 
6. Install new SVE trench sections to augment existing system. 
 
7. Construct ex situ soil treatment cell, if needed. 
 
8. Install a permeable reactive gate (with water carrier pipe system) to be used at 

completion of the SVE operations. 
 
9. Operate and maintain the SVE system, including initial dewatering of the SVE 

trenches, until the Soil Vapor Standards set forth in Table 3-1 of the Design Report 
are achieved; including treatment/disposal of wastewater and electricity costs.   

 



 01010-3 

10. Prepare and submit to the Trust as-built drawings and a Final Completion Report 
within 30 days of completion of construction.  The report shall document the 
activities completed by Contractor and certify that in performing the Work, 
Contractor has complied with the Contract Documents and has, among other things, 
fully implemented the Quality Assurance Project Plan set forth in Appendix E to the 
Design Report (as applicable), and otherwise fully conformed its activities to the 
requirements of the Contract Documents.  In addition to the information required in 
the Technical Specifications and the Construction Submittals, the Contractor shall 
provide quantities and types of materials removed from the site or handled on-site, 
methods of removal and disposal, the ultimate destinations of disposed materials, 
and other relevant documentation generated during the Contractor’s work..  
Contractor shall make corrections to the Final Completion Report as reasonably 
required by the Trust and Engineer prior to its submission to EPA and IDEM.  
Upon approval of the Final Completion Report by the Trust, and the resolution of 
any comments on the Final Completion Report that are received from EPA or 
IDEM, Contractor shall submit 7 report copies and one electronic (CD) copy to the 
Trust.    

 
11. Demobilization of Site of all Contractor equipment, and removal of the temporary 

facilities after completion of the Active Phase and site restoration.  The Contractor 
shall leave the site security fence and gates, equipment decontamination pad, the 
wastewater storage pad, and utilities on-site after shutdown of SVE System 
operations.  At the completion of the construction work, all temporary site facilities 
shall be removed from the Site, except those that are required during the operations 
phase or as requested by the Trust. 

 
12. All other activities to satisfactorily complete all work covered by these 

Specifications, final Design Drawings, and the final Design Report not specifically 
discussed but necessary for the project construction and final acceptance.  All other 
work required by the ECC Trust under the terms of this contract. 

 
1.06 AVAILABLE SITE INFORMATION 
 

A. The following Background Documents shall be provided by CD ROM disk.  The 
additional documents listed below provide background information and supporting 
technical rationale upon which the specifications and drawings are based and do not 
contain additional work requirements. 

 
1. Summary of Site Subsurface Conditions, 30% Design Report by AWD, dated 

7/94. 
 
2. Remedial Investigation Report by CH2M Hill, dated 3/14/86. 
 
3. Soil Vapor Extraction Pilot Test Report by ERM, dated 7/88. 
 
4. Technical Memorandum No. 2, Geotechnical Hydrogeological and 

Supplemental Predesign Investigation for NSL/ECC by CH2M Hill, dated 
11/9/88. 
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5. Technical Memorandum No. 1, Influent Characterization Task FT Groundwater 

and Leachate Sampling and Data Analysis, NSL/ECC Site Predesign 
Investigation by CH2M Hill, dated 8/5/88. 

 
6. Civil Engineering Predesign Report, NSL and ECC by CH2M Hill, dated 

11/23/88. 
 
7. Cone Penetration Testing Letter Report, dated 6/24/2002, prepared by 

ENVIRON International Corporation. 
 
8. Phase I Supplemental Investigation Summary Report ECC Superfund Site by 

AWD, dated 10/92. 
 
9. Phase II Supplemental Investigation Report ECC Superfund Site by AWD, 

dated 3/93. 
 
10. Concrete Pad area Investigation Draft Report by Dow Environmental, Inc., 

dated 2/95. 
 
11. Central Support Zone Investigation Report, by Dow Environmental, Inc., dated 

1/96. 
 
12. Fourth Quarter 1998 Surface and Subsurface Water Monitoring Report, dated 

April 16, 1999, prepared by ENVIRON International Corporation. 
 
13. First and Second Quarter 1999 Surface and Subsurface Water Monitoring 

report, dated July 16, 1999, prepared by ENVIRON International Corporation. 
 
14. Third Quarter 1999 Surface and Subsurface Water Monitoring Report, dated 

March 16, 2000, prepared by ENVIRON International Corporation. 
 
15. Fourth Quarter 1999 Surface and Subsurface Water Monitoring Report, dated 

March 16, 2000, prepared by ENVIRON International Corporation. 
 
16. Second Quarter 2000 Surface and Subsurface Water Monitoring Report, dated 

September 21, 2000, prepared by ENVIRON International Corporation. 
 
17. Fourth Quarter 2000 Surface and Subsurface Water Monitoring Report, dated 

January 22, 2001, prepared by ENVIRON International Corporation 
 
18. First Quarter 2001 Surface and Subsurface Water Monitoring Report, dated 

March 19, 2001, prepared by ENVIRON International Corporation. 
 
19. Fourth Quarter 2001 Surface and Subsurface Water Monitoring Report, dated 

March 7, 2002, prepared by ENVIRON International Corporation. 
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20. Second Quarter 2002 Surface and Subsurface Water Monitoring Report, dated 
August 22, 2002, prepared by ENVIRON International Corporation. 
 

21. Table 1 – Summary of Analytical Results for Shallow FLUTe Liner, ECC Site; 
and Figure – Horizontal Well (FLUTe) Locations. 

 
22. Geotechnical Engineering Evaluation of the Proposed Remediation Sequence 

for the Southern Concrete Pad Area at the Enviro-Chem Site in Zionsville, 
Indiana, dated 4/20/98, by Ground Engineering Consultants, Inc. 

 
23. Results of Pumping Test Performed on Hot Spot #2 Well (Well HS-2), dated 

12/8/98, by Versar, Inc. 
 
24. Report entitled Preliminary Hot Spot Report, Enviro-Chem Superfund Site, 

Zionsville, Indiana, dated 3/26/98, by Versar, Inc. 
 
25. Letter from G. Anastos (Versar) to Michael McAteer (EPA) and Vince Epps 

(IDEM) re: Hot Spot Pilot Study Results, dated 4/13/98. 
 
26. Report entitled Geotechnical Report for the Southern Concrete Pad Area, 

Enviro-Chem Site, Zionsville, Indiana, dated 4/8/98, by Versar, Inc. 
 
27. Report entitled Z-1, Enviro-Chem Corporation Superfund Site, Zionsville, 

Indiana, dated 4/07, by ENVIRON International Corporation. 
 
28. Letter from R. Hutchens (ENVIRON) to Mike McAteer (EPA) re: Soil Gas 

Investigations in T-6 Area, dated 6/20/00. 
 
29. Revised Remedial Action Final (100 Percent) Design Report, Vol. II of III 

Construction Quality Assurance Plan General Health and Safety Plan for ECC 
Site prepared by Radian International LLC, dated 6/97; the Final 100% SVE & 
WWT Design for the RRA at the Enviro-Chem Superfund Site, Zionsville, 
Indiana, dated November 14, 1997, by Versar, Inc.; and the 100% SVE Design 
Drawing, dated November 14, 1997, by Versar, Inc. 

 
30. Revised Exhibit A to the Consent Decree, dated May 7, 1997. 
 

 
PART 2 – PRODUCTS – Not Applicable 
 
PART 3 – EXECUTION  
 

See list of Contractor Submittals Attached
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CONTRACTOR SUBMITTALS 
 

Spec No. Plan/Submittal 
Submittals needed prior to Pre-Construction Meeting 

1050 Contact Information for Project Surveyor 
1210 PRGS Materials Supplier 
1390 Contractor Health and Safety Plan 
1460 Spill Control and Contigency Plan 
1502 Erosion & Sediment Control Plan 
2210 Augmented SVE Trench Construction Plan (includes credentials of slurry specialist 
2730 Manhole/Vault Specifications 

Submittals needed prior to start of construction or as available 
1010 Contractor Quality Control Plan 
1010 O&M Plan Addendum 
1010 Decontamination Plan 
1210 Project Schedule 
2190 Off-Site Disposal Plan (if needed) 
2190 Final Report of Waste Disposed Off-Site (with copies of manifests) 
2200 Material Source and Certified Grain Size Laboratory Report for Fill Aggregate/Soils 
2200 As-Built Drawings of Earthwork (with fill delivery tickets) 
2206 Grain-Size Testing Results for PRGS Sand (to be provided later by others) 
2206 Percent Iron Testing Results for PRGS Vessel (to be provided later by others) 
2206 PRGS Vessel Configuration (to be provided if changed from design) 
2210 Grain Size Certification for Free-Draining Trench Backfill Gravel 
2210 SVE Trench Bottom and Backfill Profiles 
2210 SVE Trench Slurry Quality Control Testing Results 
2210 SVE Trench Slurry BOD Testing Results 
2210 SVE Horizontal Pipe (Screen) Profile – As-Built 
2210 PRGS Conveyance Piping and Manhole Connection Elevations 
2210 SVE Trench Segment Pumping Test Results 

2210 / 2280 Geomembrane and Geotextile Material Certification 
13050 Wastewater Storage and Transfer System Installation Plan 
13050 Wastewater Handling Plan (from construction, dewatering and SVE system 

condensation) 
13100 ExSitu SVE Soil Treatment Configuration (if needed) 
13110 Wastewater Treatment System Upgrade Plan (new components and alarms) 
15050 PVC Piping Hydrostatic Testing Plan 

Submittals to be submitted within 30 days of completion of construction 
1010 As-built drawings 
1010 Final Completion Report 

Submittals to be provided during the Active Phase 
Design Report 
Section 3.2 – 

3.6 

Data developed by Contractor pursuant to Sections 3.2 through 3.6 of the Design 
Report shall be provided by Contractor to the Trust and the Trust’s Engineer within 
five (5) business days after it is received by Contractor or more frequently if requested 
by the Trust or by the Trust’s Engineer. 

END OF SECTION
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SECTION 01015 
 

SEQUENCE OF WORK 
 

PART 1 – GENERAL 
 
1.01 GENERAL SEQUENCE OF WORK ACTIVITIES 
 

A. The individual work tasks at the Site shall be conducted in the general sequence 
indicated in this section.  The general sequence includes both concurrent operations 
and operations that must be completed before or after other construction activities.  
Except as provided in Part B below, the sequence of work shall not be changed 
without the prior written approval of the ECC Trust’s Engineer (the “Engineer”). 

 
The Contractor is hereby notified that the site support zone, material storage 
areas and work area between the existing cap and the east slope are very 
limited in areal extent as shown on the drawings.  Materials and equipment 
logistical planning and scheduling are critical to successful implementation of 
the work. 

 
B. Changes to the general sequence of work shall be approved by the Trust prior to the 

Contractor’s submittal of his final work schedule.  
 
C. The following general sequence of work shall be used on the project (see other 

Technical Specification and Design Report for details of work): 
 
1. Preparation of project submittals.  The Contractor will assist the Trustees in 

negotiating to obtain IDEM and USEPA approval of the submittals. 
 
2. Site preparation 

 
a. Mobilization of Contractor equipment, personnel, and temporary 

facilities required for construction activities to the Site after the ECC 
Trust gives the Contractor written notice to proceed with construction: 

 
b. Installation of erosion controls and temporary access roads. 
 
c Utility relocation, as needed. 
 
d. Installation of new water storage tank, T-5, prior to need for water 

storage. 
 
e. Add GAC units and reconfigure ECC Treatment Plant to allow treatment 

of ECC water separate from Third Site water. 
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3. Construction 
 

a. Install SVE Trenches with SVE and PRGS piping.  Note that a buried 
sheet pile wall exists in the vicinity of Trench Segments 4 and 5, which 
may need to be removed or cut off during ASVES trench construction.  
Includes provision of a temporary biological treatment unit for 
pretreatment of degraded guar slurry prior to treatment in the ECC 
treatment system. 

 
b. Install dewatering equipment, wells, pumps, temporary tanks, water 

lines. 
 
c. Construct ex situ soil treatment cell, if needed, install SVE piping to 

vacuum system, construct PRGS collection manhole vault/discharge 
area. 

 
d. Repair any damage to existing cap or cap, reseed, regrade, as needed. 

 
4. Testing 

 
a. Perform dewatering test prior to acceptance of SVE trench construction. 

 
5. Operations 
 

 a. Initial dewatering of SVE Trenches. 
 
 b. SVE operations with dewatering as needed; concurrent ex situ treatment 

cell operation, if needed. 
 
 c. Upon completion of SVE activities, open connection from SVE screen 

to PRGS conveyance piping, open connection to PRGS treatment vault, 
and install/operate pump in PRGS collection manhole. 

 
6. Demobilization (at end of Active Phase) 

 
a. Removal of temporary facilities; replacement and restoration of site 

fencing, vegetative cover, etc. 
 
b. Removal of Contractor equipment and personnel from the Site. 

 
 
PART 2 – PRODUCTS – Not Applicable 
 
PART 3 – EXECUTION – Not Applicable 

 
END OF SECTION
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SECTION 02210 
 

AUGMENTED SVE TRENCH CONSTRUCTION 
 
 
PART 1 – GENERAL 
 
1.01 DESCRIPTION 
 

A. The work provided for in this Section consists of furnishing all plant, labor, 
equipment, and materials for the construction of the augmented soil vapor 
extraction (SVE) trenches to be installed by trench method described at the 
locations and depths shown on the drawings. 

 
B. Trench installation includes excavation under a biopolymer-based viscosifier slurry, 

backfill with gravel, installation of polyvinyl chloride (PVC) SVE screen, and 
permeable reactive gate system (PRGS) piping, installation of PVC dewatering 
wells, and surface backfill.  Also included is biopolymer treatment, as required; 
development by trench flushing, and waste slurry disposal.  Seven trench segments 
are to be constructed. 

 
1.02 RELATED WORK NOT INCLUDED IN THIS SECTION 
 

A. Section 01710 – Cleaning 
 

B. Section 02190 – Off-site Waste Disposal 
 

C. Section 02200 – Excavation, Backfill, and Compaction 
 
1.03 SUBMITTALS 

 
A. Augmented SVE Trench Construction Plan (as described in Section 1.07, including 

qualifications of Contractor, resume of slurry specialist and biopolymer viscosifier 
material specifications shall be submitted at least 10 days prior to the Pre-
Construction Conference. 

 
B. Supplier laboratory grain size certification for the free-draining 1- to 2-inch 

diameter gravel shall be submitted at least 10 days prior to start of trench 
construction. 

 
C. Geomembrane and geotextile manufacturer material certification shall be submitted 

at least 10 days prior to the start of trench construction. 
 

D. Trench Bottom, Backfill SVE Pipe, and PRGS Conveyance Pipe Profiles:  Three 
copies shall be submitted no later than 48 hours after the applicable work or 
inspection is completed. 
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E. Results of SVE trench slurry QC testing and biological oxygen demand (BOD) 
testing. 

 
F. Results of trench segment pumping test results. 

 
1.04 DEFINITIONS 
 

A. Augmented SVE Trenches 
 
For this project, an augmented SVE trench is an approximately 24-inch wide trench 
excavated in the ground by the slurry method, and backfilled with a free draining 
gravel to form a high permeable zone for vapor and subsurface water collection. 

 
B. Biopolymer Slurry Method of Excavation 
 

The biopolymer slurry method of excavation is the process of digging a vertical-
walled trench, which is supported by keeping the trench full of water thickened with 
a biopolymer-slurry, based fluid viscosifier.  The purpose of the slurry is to support 
the walls/floor of the trench to prevent the collapse of trench sidewalls prior to 
backfilling of the trench. 

 
C. Biopolymer-Based Viscosifier 
 

A biopolymer-based viscosifier is a natural polymer manufactured from the Guar 
Bean or equivalent. 

 
D. Biopolymer Slurry 
 

The slurry is a stable mixture of guar or other biopolymer-based viscosifier and 
water. 

 
E. Backfill 
 

Free-draining gravel, crushed limestone, or other approved gravel with a nominal 
size of 1- to 2-inch diameter as specified in Section 2.02. 

 
F. Subsurface Water Level 
 

The subsurface water level is the water level in the till or sand and gravel unit as 
determined from piezometers and wells. 

 
G. Slurry Trench Specialist 

 
A slurry trench specialist is an individual who has had over 5 years of experience in 
slurry trench construction and has knowledge in all aspects of slurry trench 
construction. 
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H. Quality Assurance Testing 
 
The Trust’s Engineer may perform quality assurance testing on the biopolymer-
based viscosifier slurry and backfill materials using the laboratory and equipment 
furnished by the Contractor.  Testing by the Trust’s Engineer will in no way relieve 
the Contractor of the responsibility of performing tests necessary to meet the 
construction requirements.  The Contractor shall make available testing equipment 
to the Trust’s Engineer.  All routine quality control testing procedures being 
conducted by the Contractor shall be available for inspection by the Trust’s 
Engineer at any time. 
 

I. Till Unit 
 

Silty clay and silt soils likely deposited during the glaciation period.  The Upper Till 
is generally in the upper 10 to 20 feet at the ECC Site.  The Lower Till is generally 
found below the saturated sand and gravel unit. 
 

J. Sand and Gravel Unit 
 

The granular soil strata below the upper till and generally found below a depth of  
10 to 20 feet at the ECC Site.  The sand and gravel unit is mostly saturated, with an 
upward gradient in some areas. 
 

1.05 QUALIFICATIONS 
 

A. The Contractor shall submit evidence of competence in slurry trench construction, 
having completed a minimum of three similar projects within the last 5 years. 

 
B. This evidence shall document that the Contractor will have sufficient competent 

personnel to carry out the operations specified and such personnel shall have 
experience in this type of construction.  A slurry trench specialist shall be employed 
by the Contractor to control the composition, mixing, placing, cleaning, and 
maintaining of the slurry and backfill. 

 
C. Credentials of the slurry trench specialist shall be submitted to the Trust’s Engineer 

for approval at least ten days prior to the Preconstruction Conference. 
 
1.06 REFERENCES 
 

A. ASTM C 143-90 Standard Test Methods for Slump of Hydraulic Cement 
Concrete. 

 
B. ASTM D 1140-90 Standard Test Methods for Amount of Material in Soils 

Finer Than the #200 Sieve. 
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C. ASTM D 2217-85 Standard Test Methods for Wet Preparation of Soil 
Samples for Particle Size Analysis and Determination of 
Soil Constants. 

 
1.07 AUGMENTED SVE TRENCH CONSTRUCTION PLAN 
 

A. The Augmented SVE Trench Construction Plan shall provide a detailed description 
of the means and methods used to construct the augmented SVE trenches.  At a 
minimum, it shall include: 
 
1. Equipment and methods used to excavate SVE trenches, including slurry 

mixing and pumping; treatment and disposal, backfilling, SVE and PRGS pipe 
installation and dewatering well installation. 

 
2. Safety precautions to be used to safely allow installation of the SVE piping 

and PRGS conveyance piping in the trench without collapse or water blow-in. 
 
3. Methods to avoid damage to the existing thin barrier curtain wall during 

construction. 
 
4. Size and type of biopolymer slurry staging areas including slurry tank 

location, pumps, soil and biopolymer storage, slurry treatment additives, and 
equipment storage. 

 
5. Augmented SVE trench quality assurance testing program and sample reports. 
 
6. Augmented SVE trench development methods and additional flushing pipes, 

if necessary. 
 
7. Excess slurry handling (treatment, equipment, and disposal methods).  

 
 
PART 2 – PRODUCTS 
 
2.01 GENERAL 
  

The slurry for supporting the sides of the trenches shall consist of a stable mixture of 
biopolymer-based viscosifier and water.  At the time of introduction into each trench, the 
viscosity shall be at least 50 seconds as measured by the Marsh Funnel.  If desired, the 
Contractor may add a weighting agent to increase the density of the slurry. 

 
2.02 MATERIALS 
 

A. Biopolymer-Based Viscosifier and Additives 
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1. Material shall be processed from the Guar bean or approved equivalent.  
Material shall be non-toxic and non-polluting. 

 
2. Biopolymer-based viscosifier shall be capable of supporting the walls of the 

recovery trench when mixed with potable water. 
 
3. Contractor is responsible for preservation of the fluid using sodium 

hypochlorite, sodium bicarbonate, or other approved additives.  Biopolymer-
slurry shall be able to be completely broken down through polymer oxidation 
once trench construction is complete.  All potentially clogging degradation 
by-products shall be flushed from the system prior to acceptance. 

 
4. Representative products and manufacturers include: 

 
a. G-150 Guar as manufactured by Rantec Corporation, P.O. Box 729, 

Ranchester, WY, 82839, (307) 655-9565. 
 
b. Liquid Guar CM as manufactured by Drilling Specialties LLC,  

1001 Six Pines Drive, The Woodlands, Texas, (800) 423-3985. 
 

B. Water 
 

The Contractor shall supply all water required for mixing with biopolymer slurry to 
produce slurry.  Contractor shall use potable water.  There is no on-site water 
source.  The T-4 clean water storage tank (150,000 gallons) may be used for potable 
water storage. 

 
C. Horizontal SVE Screen 
 

1. The Contractor shall supply 4-inch diameter PVC Schedule 40 screen to be 
placed within the gravel backfill.   

 
2. The horizontal SVE screen shall be slotted with 0.020-inch slot or equivalent. 
 
3. One 2-inch diameter PVC vertical riser is to be connected to the horizontal 

SVE screen in each trench segment and will be equipped with a vacuum 
supply port, valve, flow monitoring port, and vacuum gage (gage range to be 
determined in the field). 

  
4. A “T” connection and gate valve connecting to 4-inch diameter solid PVC 

Schedule 40 PRGS conveyance piping shall be included at the PRGS 
manholes.  The solid 4-inch PVC PRGS conveyance piping shall be installed 
slightly below the horizontal well screen to facilitate flow from the SVE 
screen.   
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5. Backfill shall be placed around the SVE screen and related riser and 
connection piping without damaging or displacing the installed piping. 

 
D. PRGS Conveyance Pipe 
 

1. Contractor shall supply 4-inch diameter Schedule 40 PVC (solid) piping to be 
placed at certain elevations in the trench backfill, and continue in pipe 
trenches to connect to the adjacent trench segment.  The PRGS conveyance 
pipe shall be hydraulically connected to the SVE screen so as to collect 
subsurface ground water after SVE and dewatering activities are completed.  
The gate valve between the PRGS conveyance piping and the SVE screen 
shall be fitted with a valve that can be opened from the ground surface or 
installed in a manhole that can be entered by the Contractor to open the valve.  
Granular bentonite shall be added near the pipe at its end trench exit point(s) 
to minimize the possibility for cross-trench connection. 

 
E. Dewatering Wells 
 
 1. A 2.5- to 3-foot recessed area will be dug at the location of the dewatering 

wells.  
 
2. Dewatering wells shall include screens that are 4-inch diameter, PVC, 

Schedule 40, 0.010-inch slot, or equivalent that extend to the base of the 
trench segment sump.  The screens will attach to standard Schedule 40 PVC 
4-inch diameter PVC threaded riser pipe to the surface. 

 
3. One dewatering well shall be installed per trench segment during backfilling 

of the trench. 
 
4. A plug shall be installed at base of well. 
 
5. Contractor may use these wells for biopolymer development, but shall be 

responsible for adding temporary wells or piping as needed for flushing of the 
biopolymer slurry, as needed. 

 
F. Backfill 

 
1. Free Draining Gravel 

 
The material for backfilling up to within 2 feet of the ground surface shall be 
1- to 2-inch diameter gravel with less than 5 percent fines (< #200 sieve) with 
ASTM D422 gradation as follows: 
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Sieve Size Percent Passing 

 (by weight) 
3 inch 90–100 
2 inch 0–100 
1 inch 0–10 

No. 200 0–5 
 

2. Clayey Backfill 
 

The material for backfilling the upper 2 feet (widened section) of the trenches 
shall be “clean” clayey fill that fits the definition of Common Fill.  The 
material may be imported from an off-site source.  Contractor shall provide 
documentation to demonstrate the fill is “clean.”  Excavated soils from the 
upper 2 feet of the trench may be used as backfill if analyzed for VOCs and 
SVOCs and no significant contamination is present.  Additional thickness of 
clayey backfill may be added as needed to minimize surface water infiltration 
into a trench segment. 

 
3. Compacted well graded driveway stone shall be used for the area(s) of 

roadway crossings as shown on the Design Drawings.   
 

G. Geomembrane/Geotextile 
 

1. Duraskrim (coated geotextile), polypropylene, PVC, or high density 
polyethylene (HDPE) sheeting, extending 1 foot each side of trench plus the 
trench width. 

    
2. Geomembrane shall have with minimum burst strength (ASTM-D 751 mod.) 

of 90 pounds, and a minimum grab tensile strength of 95 pounds. 
 
3. The geomembrane shall be underlain by a non-woven geotextile as described 

in Specification 02280. 
 

 
PART 3 – EXECUTION 
 
3.01 EQUIPMENT 
 

A. Contractor shall furnish suitable plant and equipment for excavation of the trenches, 
mixing and placing slurry, cleaning of bottoms of trenches, for hauling, mixing and 
placing the backfill material, recirculation of the slurry as required, placing the 
horizontal SVE/PRGS piping, flushing pipe, dewatering wells and riser pipes, 
backfill, and surface treatment, biopolymer, and disposal of excess biopolymer 
slurry.  
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B. Trenching Equipment 
 

1. The equipment used for excavation of the augmented SVE trenches shall be 
any type of earthmoving equipment capable of performing the work indicated 
on the drawings and/or specified herein.  Excavating equipment buckets shall 
be non-perforated, heavy-duty models.  Fabrication of the buckets shall be 
such that raveling of the sides of the trench is minimized and width of the 
trenches is maintained. 

 
2. The equipment shall be appropriate for excavating 24-inch wide trenches.  

Any greater width shall require approval prior to start of excavation.  The 
excavating equipment shall be capable of excavating the width trench in a 
single pass from the existing ground surface to the depths shown on the 
Design Drawings (approximately 10 to 15 feet).  The equipment width shall 
not be greater than the existing gravel drive or cause damage to the adjacent 
remedial area cap or existing thin barrier curtain wall. 

  
3. No blasting will be permitted to remove unyielding soil or rock, if needed.  

Special rock removal equipment (hoe rams, chisels, drills, etc.) shall be 
approved prior to use by the Trust’s Engineer.  Existing sheeting may need to 
be removed in some areas. 

 
C. Slurry Mixing and Placing Plant 
 

1. The slurry mixing and placing plant shall include a suitable mixer capable of 
producing a colloidal suspension of biopolymer-based viscosifier in water, a 
mechanically agitated sump, pumps, valves, hoses, supply lines, and small 
tools; all as required to mix and provide a continuous supply of slurry to the 
trench excavation. 

 
2. Slurry shall be stored in aboveground tanks.  The use of excavated pits will 

not be allowed. 
 

D. Cleaning Equipment 
 

1. Equipment for cleaning the slurry shall consist of a plant normally used for 
this type of operation. 

 
2. Any wash water must be containerized and transported to the ECC wastewater 

treatment system. 
 

E. Backfill Placing Equipment 
 

1. The free draining gravel backfill shall be placed by the tremie method.  
Equipment shall be capable of placing the gravel using this method or other 
approved placement method. 
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2. The upper soil backfill may be placed with a bulldozer or other equipment 
needed to achieve the required results.  The silty clay backfill shall be 
compacted using sheeps foot, or equivalent, compaction methods.   

 
3.02 EXCAVATION OF AUGMENTED SVE TRENCHES 
 

A. The seven trench segment locations shall be as indicated on the Design Drawings, 
approximately 5 feet from the thin barrier curtain wall or as approved in the 
Augmented SVE Trench Construction Plan.  Manholes and PRGS conveyance pipe 
trenches will be installed as shown in the Design Drawings. 

 
B. The base of the SVE trenches shall be 3 feet from the top of the lower-saturated 

sand and gravel unit or as shown on the Design Drawings (including the deeper 
recessed zones shown at each dewatering well).  The Contractor shall immediately 
notify the Trust’s Engineer if the sand and gravel unit is encountered during 
construction of the trenches.   

 
C. The trench will be excavated to within 0.3 foot of the elevation shown on the 

drawings, or as directed by the Trust’s Engineer.  The toe of the slope of the trench 
excavation shall precede the toe of the backfill slope by a minimum of 10 feet at all 
times, but not more than 40 feet. 

 
D. The Contractor shall provide a positive means for determining the final bottom 

elevation of the excavations, and the bottom elevation of the excavations shall at all 
points meet the approval of the Trust’s Engineer.  Contractor shall notify the Trust 
immediately if the sand and gravel unit is penetrated. 

 
E. Excavation at angles in the alignment of a trench shall be made in such a manner as 

to ensure a continuous full depth and width for the augmented SVE trench segment. 
 

F. Power lines may need to be de-energized and/or removed temporarily during 
construction near the entrance gate power poles.  Contractor shall arrange for the 
power interruption with the local power company and the operators of the on-site 
treatment plant.  The work shall be scheduled to minimize the time of power 
interruption to the Site and adjacent Third Site activities. 

 
G. Contractor shall coordinate temporary removal of existing piping, which connects 

the ECC treatment system and adjacent Third Site.  Costs for the pipe disconnect 
and re-connect will be handled between the ECC Trust and Third Site Trust. 
 

H. Prior to initiating the trenching operations, the Contractor shall locate all 
underground utilities.  If required, limited exploratory excavation operations shall 
be performed to verify underground utility locations.   

 
I. The slurry within the trench shall be kept free of soil materials until placement of 

the backfill. 
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3.03 EXCAVATED MATERIAL 
 

A. Material excavated from the trench may be placed temporarily along the trench.  
The distance between the trench and the excavated material shall not be less than  
10 feet.  

 
B. Excavated material shall be removed and handled as described in Section 2.8 of the 

Design Report.  All stockpiles are restricted to the construction staging area with a 
liner placed under excavated material so that liquids can drain back into the trench.   

 
3.04 SLURRY PLACEMENT 
 

A. Slurry shall be introduced into the trench at the time trenching is begun.  The level 
of slurry in the trench shall be maintained within 2 feet of the ground surface, or as 
required for trench stability. 

  
B. Contractor is alerted to the fact that the trenches are designed to terminate at a depth 

3 feet above the top of the saturated sand/gravel unit.  Excavating into the 
sand/gravel unit may result in the inability to dewater trench.  Soil exploration 
findings are available for review.  Any work resulting from trench collapse, loss of 
slurry, breach of the sand and gravel unit or stability issues, if necessary, is deemed 
included in the Contract and it shall be performed at no additional cost to the Trust.   

 
C. Contractor to use pumps and hoses equipment to transfer the slurry from the 

holding tanks to the augmented SVE trenches.  At no time will the Contractor be 
allowed to transport slurry to the trenches in excavator buckets or shovels. 

 
D. Contractor shall recirculate and treat the slurry as required for maintenance and 

control of the slurry. 
 

E. Contractor is responsible for containing and cleaning up any spilled slurry. 
 
3.05 DEWATERING WELL INSTALLATION 
 

A. PVC dewatering well screens and riser piping shall be installed (one per trench 
segment) once the required trench recessed area depth has been reached and the 
trench walls stabilized with the biopolymer mixture.  The PVC riser and screen 
shall be lowered vertically into the trench to the base of the recessed area through 
the slurry.  The backfill shall be placed around the piping to maintain alignment of 
the casing.  The inside of the PVC well materials shall be thoroughly cleaned out 
prior to installation of pumps, level controls, piping etc. 

 
B. After backfilling, biopolymer slurry removal and trench segment construction is 

complete; the dewatering wells shall be equipped with Grundfos Redi-Flo3 electric 
submersible pumps (single-phase 110–115 volts).  Each pump will be equipped 
with Dry-Run Protection, which will automatically shut the pump off when the 
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water level drops below the pump inlet.  The pumps in dewatering wells shall be 
equipped with a minimum 1/3 HP motor.  Water level will be controlled by 
high/low shut offs set with a pressure transducer such as a Druck probe or approved 
alternate.  The initial settings for the shutoffs are shown on the Design Drawings.  
Power for the pumps and transducers shall be installed by the Contractor from the 
existing power panel on-site or an additional panel as needed. 

 The outflow connection for trench segments will consist of 3/4-inch diameter PVC 
piping.  Each pump will be placed 3-inches from the base of dewatering well. 

 
3.06 BACKFILLING THE AUGMENTED SVE TRENCHES 
 

A. The gravel backfill shall be placed in the trench by the tremie method or other 
method approved by the Trust’s Engineer.  Slurry may be mixed with the gravel to 
facilitate placement.  The gravel backfill shall be placed from the base of the trench 
up to 2 feet below the ground surface (after SVE screen and PRGS pipe placement). 

 
B. Slotted SVE screen shall be placed horizontally in the trenches at the elevation(s) 

shown on the Design Drawings.  The horizontal piping shall terminate 
approximately 3 feet from one end of the trenches and extend into the adjacent 
manhole at the other end.  Place to one side of the trench to allow space for 
dewatering well riser pipe.  Solid PVC riser pipes (one for instrumentation and one 
for vacuum inlet) shall be connected to the SVE piping as shown on the Design 
Drawings. 

 
C. PRGS conveyance piping shall run through the trench segments, placed on the 

gravel backfill (below the SVE screen).  A solid or flexible connection between the 
PRGS conveyance pipe and SVE screen shall be made at the manhole at the lower-
end of the trench. 

 
D. The upper 2 feet of each trench (above the gravel) shall be widened an additional  

1 foot on each side and a non-woven geotextile then a geomembrane (see  
Section 2.02) shall be placed above the gravel, extending to the widened portion of 
the trench.  The pieces of geotextile and geomembrane along the trench length shall 
be overlapped a minimum of 3 feet along the trench alignment. 

 
E. The top 2 feet of the trench (widened section above the geomembrane) shall be 

backfilled with clean clayey fill.  The clayey fill shall be placed in at least three 
lifts, and each lifted compacted.  Excavated soil may be used if previously tested to 
determine it is not contaminated. 
 

F. At two locations, at least 6 inches of driveway stone shall be placed and compacted 
at the surface for a roadway crossing.  These locations are shown on the Design 
Drawings. 
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3.07 AUGMENTED SVE TRENCH DEVELOPMENT 
 

A. The augmented SVE trenches shall be developed by treating the biopolymer slurry 
to initiate degradation and by flushing of the trench. 

 
B. The Contractor shall initiate the biopolymer slurry degradation process after 

placement of the free-draining backfill.  The Contractor will install temporary PVC 
wells or flushing pipes at strategic locations in the trenches to allow access to the 
slurry in the trench.  Installation of these temporary wells will be considered part of 
the work and no additional compensation will be provided for their installation.  
The dewatering wells and SVE screen may also be used for development.  

 
The subcontractor shall thoroughly flush and develop the augmented SVE trench to 
achieve silt-free and slurry-free conditions.  Approximately two pore volumes of 
the trench shall be removed during the trench development.  The flushing and 
development shall continue until BOD decreases to 1,000 milligrams per liter 
(mg/L) or lower and viscosity measurements by Marsh Funnel method are similar 
to measurements of the potable water (25 to 30 seconds).  Pumps and water for 
development shall be supplied by the Contractor.  Excess water from the flushing 
activities will be disposed off site or treated as described in Section 3.09 before 
transporting to the ECC treatment system. 
 

C. The temporary wells (if installed) shall be removed upon completion of trench 
flushing/development 

 
3.08 SEVERE WEATHER OPERATIONS 
 

A. Excavation of the slurry trench, mixing and placing of slurry, and mixing and 
placing of backfill will not be allowed when the air temperature is below 30 degrees 
Fahrenheit or when in the opinion of the Trust’s Engineer, severe weather such as 
snow, rain, or ponding water, may be detrimental to the slurry trench installation or 
may affect the accuracy of quality control testing. 

 
B. Weather related delays shall not constitute grounds for additional payment or 

extension of project time for the Contractor. 
 
3.09 CLEANUP, DISPOSAL AND TREATMENT OF SLURRY, GUAR SOLUTION AND 

EXCAVATED SOIL 
 

A. Excess slurry displaced by the backfill shall be reused, as appropriate.  At trench 
construction completion, any excess guar slurry solution shall be properly disposed 
off site or treated to reduce the BOD then sent to the ECC treatment system.  The  
treatment unit design for the pretreatment of degraded guar slurry (guar solution) is 
provided in Section 3.09.C. below. 
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B. Excavated soil should be characterized and handled as discussed in Section 2.5 of 
the Design Report. 

 
C. Guar solution with BOD greater than 30 mg/l (50 mg/l in winter) shall be pre-

treated using a temporary treatment unit prior to sending the solution to the ECC 
Treatment Plant.  A package-type treatment unit may be used that is configured 
with an aeration tank and clarifier with means to settle and recycle biological solids 
back to the aeration tank.  The volume of the biological treatment aeration tank 
shall be approximately 8,000 gallons with a separate clarifying area of 
approximately 60-square-foot surface area.  (This design assumes a pumping rate of 
10 gallons per minute with a hydraulic overflow rate of 250 gpd/ft2.)  Degraded 
(broken) guar solution from the SVE trenches will be pumped to the treatment unit 
where it will be aerated and seeded with starter biomass to degrade the soluble 
organic material.  A biomass concentration of approximately 3,000 mg/L, likely 
purchased in powder form, (BiChem 1003FG from Norvozymes Biologicals Inc., 
added at a rate of approximately 60 pounds per week or approved equivalent) shall 
be maintained.  The aeration tank volume with an initial flow rate of 5 gallons per 
minute (gpm) and 1,000 mg/L BOD will provide for a Food to Microorganism 
(F/M) ratio of approximately 0.30 day-1 (BOD basis).  The flow rate can be 
increased to 10 gpm as the BOD loading decreases for quicker processing of the 
wastewater.  After aeration, the treated guar solution will either be pumped or flow 
by gravity to the adjacent clarifier tank.  Treated guar solution will overflow the 
clarifier tank by gravity back to the SVE trench.  Settled biomass will be pumped 
from the underflow of the clarifier and recycled back to the aeration tank to 
maintain the desired F/M ratio.   
 
This process shall continue until testing indicates  that BOD levels meet the IDEM 
limits.  The Chemical Oxygen Demand (COD) test may be used to indicate when 
this level is reached due to the quicker test period (an expected COD/BOD ratio 
shall be developed initially).  At that time, the unit will be turned off until the 5-day 
BOD test data is available.  When BOD data indicates the levels are acceptable, the 
water will be sent to the 150,000-gallon holding tank for further treatment in the 
ECC ground water treatment system.  Upon completion of construction of the 
trenches and processing of the guar solution, the biological treatment unit will be 
dismantled and remaining biomass will be filtered and resulting solids will be 
drummed for proper disposal. 

 
 

3.10 QUALITY CONTROL 
 

A. The Contractor shall establish and maintain quality control for all work specified in 
this section to assure compliance with contract requirements and maintain records 
of their quality control for all construction operations, including, but not limited to 
the following: 

 
1. Excavation – Limits, depth, disposition of materials, timeliness, and profiles. 
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2. Materials – Biopolymer and backfill material conform to the specifications. 
3. Construction – Conforms to the specifications and drawings. 
4. Slurry and Backfill Tests. 

 
B. Slurry Tests 
 

The Contractor shall perform tests on the biopolymer slurry both before and after 
placing in the trench and shall consist of Marsh Funnel tests and pH determinations.  
Slurry samples from the trench shall be taken at approximate depth of 5 feet below 
ground surface.  At least two sets of tests shall be taken each day of operation.   
 
Marsh Funnel results shall be at least 50 seconds.  pH shall be between 9 and 10.5.   

C. Backfill Tests 
 

The Contractor shall provide results of gradation tests of the free-draining gravel 
taken from at least three different truck loads.  A copy of the test results shall be 
furnished to the Trust’s Engineer as soon as available.  Any material placed that 
does not meet the material requirements shall be replaced at no additional cost to 
the Trust.  No gradation will be required on imported silty clay fill; however, 
analytical testing will be required.  

 
D. Equipment 
 

The Contractor shall furnish and maintain without charge the following equipment 
to be used by qualified personnel, provided by the Contractor, who are trained to 
operate all equipment and who have a working knowledge of test procedures for 
slurry testing in accordance with applicable American Petroleum Institute (API) 
Standard Specifications: 

 
One (1) marsh funnel set 
One (1) slurry sampler 
One (1) soil sampling tool and driving apparatus 
One (1) pH kit 
 

E. Trench Bottom and Backfill Profiles. 
 
1. The Contractor shall furnish a profile of each trench bottom as well as the 

backfill slopes at the beginning of each day.   
 

2. Depth measurements for the trench bottom shall be taken every 10 feet 
horizontally.   

 
3. Depth measurements for the backfill placement shall be taken every 10 feet 

horizontally. 
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4. Records of any corrective actions taken shall be furnished to the Trust’s 
Engineer. 

 
F. Pipe Elevation Profile 

 
1. The Contractor shall furnish a profile of the horizontal SVE screen, including 

elevations, for approval prior to backfilling above the SVE screen at each 
trench. 

 
2. The Contractor shall also furnish elevation measurements of the PRGS 

conveyance piping at the end of each trench segment and the manhole 
connection. 

3.11 PERFORMANCE TESTING/ACCEPTANCE 
 

A pumping test shall be performed at each trench segment upon completion of 
development and flushing.  The dewatering well (or temporary biopolymer development 
well) will be pumped at approximately 5 gallons/minute to dewater the trench.  If the 
trench can not be dewatered at this pumping rate, then corrective measures will be 
required.  

 
3.12 CORRECTIVE MEASURES 
 

Corrective measure will depend on the conditions encountered and must be approved by 
the Trust prior to start of the work.  If corrective measures are requested, the Contractor 
shall submit a work plan to the Trust for approval prior to implementing the actions. 
 

 
END OF SECTION 









































































  

   

A P P E N D I X  B 
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1.0 INTRODUCTION 
Till water extraction performance testing was completed at the Enviro-Chem Corporation 

(ECC) Superfund Site (the “ECC Site”) in accordance with the Design Report For The Thin Barrier 
Curtain Wall And The Till Water Pump Testing (the “Design Report”) and ENVIRON International 
Corporation’s (ENVIRON’s) response, on behalf of the Enviro-Chem Trustees, to comments 
submitted by the United States Environmental Protection Agency (USEPA) on October 5, 2005.  
The performance testing was conducted following the installation of the thin barrier curtain wall 
(TBCW) to estimate the volume of till water that may be encountered in the shallow till in areas 
along the east, south, and southwest sides of the ECC Site to be treated by the proposed augmented 
soil vapor extraction (SVE) system.  The following sections describe the pump testing activities and 
the findings based on the results of the till water extraction performance testing.  The wells and 
piezometers monitored during the till water extraction performance testing are depicted on Figure 1. 
 
2.0 T-1 TILL WATER EXTRACTION TEST 

Well T-1 was chosen for testing to represent conditions in the area of the augmented SVE 
trench segments proposed for the east side of the northern and central portions of the ECC Site 
where SVE was previously conducted (i.e., the area of proposed new SVE trench segments  
1 through 3).  The till water extraction test at well T-1 was completed on July 5, 2006.  The static 
water level in T-1 prior to the start of the test was at 879.90 feet above mean sea level (amsl), 
resulting in an 8.7-foot water column in T-1. 

A Grundfos brand Redi-Flo II submersible pump was placed in well T-1 with the pump 
intake approximately 1 foot from the bottom of the well.  Manual water level measurements were 
collected using an electronic water level meter capable of measuring water levels to the nearest  
0.01 foot.  Well T-1 pumped dry following the removal of approximately 3 gallons of water over a 
ten-minute period.  The volume of water removed was equivalent to the removal of the available 
casing volume (1.25 gallons) above the pump intake and dewatering a portion of the well sand pack.  
A constant pumping rate could not be maintained because the well was pumped dry at the lowest 
practicable pumping rate (approximately 0.3 gallons per minute [gpm]).  Therefore, the pump was 
removed from the well and an In-Situ brand MiniTroll pressure transducer was placed in the well to 
record the water level during the recovery portion of the till water extraction test.  The transducer 
remained in the well for 13.5 hours.  During this initial 13.5-hour period after the test, the water 
level in T-1 recovered only 0.32 feet (3.8% of the water column in the well prior to the test).  Due to 
the slow recovery rate, the transducer was removed from well T-1 and periodic manual water level 
readings were collected during the remainder of the recovery portion of the testing at  
T-1.  The water level measurements collected during the till water extraction test at well T-1 are 
summarized in Table 1.  The recovery water level data from well T-1 were analyzed using Waterloo 
Hydrogeologic Inc. software package AquiferTest (version 2.5.7).  Based on the Theis and Jacob 
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recovery test method, transmissivity of the till at T-1 is 2.59 x 10-6 square feet/minute (ft2/min), with 
a hydraulic conductivity of the till at T-1 of 2.98 x 10-7 feet/minute (ft/min).  The results of the 
analysis are included in Appendix A. 
 
3.0 HS-1 TILL WATER EXTRACTION TEST 

Well HS-1 was chosen for testing to represent conditions in the area of the augmented SVE 
trench segments proposed for the south and southwest sides of the ECC Site (i.e., the area of 
proposed new SVE trench segments 6 and 7).  The till water extraction test at well HS-1 was 
completed on July 6 and 7, 2006.  The static water level in HS-1 prior to the start of the test was at 
880.33 feet amsl, resulting in an 11.33-foot water column in HS-1. 

A Grundfos brand Redi-Flo II submersible pump was placed in well HS-1 with the pump 
intake approximately 1 foot from the bottom of the well.  A pressure transducer was placed in the 
well to record water level during the pumping and recovery portion of the test.  A pressure 
transducer was placed in each of the adjacent wells, PT-6 and HS-1A.  Well IW-5 was covered 
inadvertently during installation of the TBCW and was not located by the surveying contractor until 
approximately 20 minutes after the start of pumping water from HS-1.  Manual water level 
measurements were collected during the HS-1 till water extraction test from wells IW-5, HS-1A, 
PT-5, PT-6, PT-7, PT-8, PS-3, and PS-4 using an electronic water level meter.   

The extraction pump was set at the lowest practicable rate and well HS-1 pumped dry 
following the removal of approximately 15 gallons of water over a 40-minute period (approximately 
0.375 gpm).  The volume of water removed was equivalent to the available casing volume  
(6.75 gallons) and a portion of the well sand pack.  The transducers placed in HS-1, HS-1A, and 
PT-6 remained in the wells for 22 hours after the end of the pumping to monitor recovery rates.  
During the 22-hour recovery period, the water level in well HS-1 rose 8.7 feet (76.8% of the water 
column in the well prior to the start of the test).  The transducer water level readings from HS-1, 
HS-1A, and PT-6 are presented in Figure 2.  The manual water level measurements collected during 
the till water extraction test at HS-1 are summarized in Table 2.  The water level data show that 
pumping water from HS-1 had little to no influence on nearby wells.  The recovery water level data 
from the transducer placed in well HS-1 were analyzed using the Waterloo Hydrogeologic Inc. 
software package AquiferTest (version 2.5.7).  Based on the Theis and Jacob recovery test method, 
transmissivity of the till at HS-1 is 7.75 x 10-5 ft2/min, with a hydraulic conductivity of  
6.84 x 10-6 ft/min.  The results of the analysis are included in Appendix A. 
   
4.0 HS-2 TILL WATER EXTRACTION TEST 

Well HS-2 was chosen for testing to represent conditions in the area of the augmented SVE 
trench segments proposed for the southeast corner of the ECC Site (i.e., the area of proposed new 
SVE trench segment 5).  Following the initial assessment of potential till water extraction rates from 
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HS-2 (completed on July 7, 2006), the till water extraction testing at well HS-2 was completed in 
two phases, July 10-12, 2006 and July 25-27, 2006.   

The initial till water extraction testing was conducted July 7, 2006 to determine a pumping 
rate that potentially could be maintained for the duration of a subsequent 24-hour pumping test.  
Static water level in HS-2 prior to the start of the testing on July 7, 2006 was at 876.68 feet amsl 
resulting in a 10.22-foot water column in HS-2 at the start of the testing on July 7, 2006.  During 
that initial pumping event a Grundfos brand Redi-Flo II submersible pump was placed in well HS-2 
with the pump intake approximately 1 foot from the bottom of the well and a pressure transducer 
was placed in the well to measure and record the water level during pumping from the well.  The 
pumping rate was adjusted until a rate was achieved that maintained the water level approximately  
1 to 1.5 feet above the bottom of the well.  Approximately 190 gallons were removed from well  
HS-2 during the initial pumping event, which lasted for 1.25 hours.  The initial till water extraction 
testing indicated that a constant rate of approximately 2.0 gpm potentially could be maintained at 
well HS-2.  The well was allowed to recover for 72 hours prior to the initiation of the till water 
extraction test on July 10, 2006. 

The static water level in HS-2 prior to the start of the testing on July 10, 2006 was at  
876.38 feet amsl resulting in a 9.92-foot water column in HS-2.  Prior to the start of the test on July 
10, 2006, pressure transducers were placed in HS-2 and nearby wells HS-1A and PT-4.  Manual 
water level measurements were collected during the test from HS-2, from newly installed till 
piezometers (PT-1, PT-2, PT-3, PT-4, PT-5, PT-6, PT-7, and PT-8); newly installed sand and gravel 
piezometers (PS-1, PS-2, PS-3, and PS-4); and existing wells (HS-1, IW-5, HS-1A, and T-1) using 
an electronic water level meter.  Pumping from well HS-2 started at 9:30 A.M. on July 10, 2006 and 
pumping was stopped at 10:25 A.M. on July 11, 2006 (elapsed time of 24.9 hours).  During this 
testing event, the pumping rate was adjusted incrementally downward from an initial flow rate of 
2.0 gpm to an ending flow rate of 0.833 gpm, to maintain the water level within 1 to 1.5 feet of the 
bottom of the well and to avoid pumping the well dry.  Figure 3 depicts the changes in flow rate 
over the duration of the till water extraction test and the cumulative volume of water removed from 
well HS-2.  Approximately 2,000 gallons were removed from well HS-2 during the till water 
extraction test. 

The transducers placed in wells HS-2, HS-1A, and PT-4 continued to measure and record 
water levels for 22.3 hours following the end of pumping from well HS-2.  During this 22.3-hour 
period the water level in well HS-2 recovered 2.35 feet (23.7% of the initial static water level 
measured prior to the start of the test).  The transducer water level readings from wells HS-2,  
HS-1A, and PT-4 are presented in Figure 4.  The manual water level measurements from the till 
water extraction test are presented in Table 3 and depicted in Figure 5.   

A rain event with several periods of light and heavy rain showers began approximately  
4 hours prior to the end of pumping at HS-2.  Precipitation data from the Eagle Creek Airport, 
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located approximately 1.5 mile northeast of the ECC Site, indicate the cumulative magnitude of the 
rain event was 1.34 inches.  With the exception of newly installed till piezometer PT-6 and existing 
till well T-1, the wells monitored during this till water extraction test responded to the precipitation 
event.  Water levels in T-1 increased at gradual and linear rate during the test, more indicative of 
continuing recovery from the earlier tests at T-1.  Water levels in PT-6 exhibited a similar gradual 
increasing trend throughout the duration of the till water extraction testing, indicative of continuing 
recovery from well installation and development activities conducted prior to the till water 
extraction testing.   

As shown on Figure 5, water level measurements from newly installed till piezometers PT-1, 
PT-2, PT-3, PT-4, PT-5, PT-6, PT-7, and PT-8; newly installed sand and gravel piezometers PS-1, 
PS-2, PS-3, and PS-4; and existing well T-1 demonstrated no response to the extraction of till water 
from HS-2.  Water level measurements from existing wells HS-1, HS-1A, and IW-5 did respond to 
the extraction of till water from HS-2.  However the responses at HS-1 and IW-5 (decrease in water 
level elevation of 0.20 feet observed in both wells over the duration of pumping water from well 
HS-2) were significantly different from the response measured at HS-1A (decrease in water level 
elevation of 0.07 feet observed over the duration of pumping water from well HS-2).   

The recovery transducer water level measurements from the initial till water extraction test 
at well HS-2 were analyzed using the Waterloo Hydrogeologic Inc. software package AquiferTest 
(version 2.5.7).  Based on the Theis and Jacob recovery test method, transmissivity of the till at  
HS-2 is 7.22 x 10-2 ft2/min, with a hydraulic conductivity of 7.28 x 10-3 ft/min.  The results of the 
analysis are included in Appendix A.  Because the recovery water level measurements were 
influenced by the rain event that began 4 hours prior to the end of pumping at HS-2 and continued 
approximately 6 hours into the recovery portion of the test (Figure 4), these transmissivity and 
hydraulic conductivity results are more indicative of recovery to non-steady state conditions (i.e., 
infiltration from precipitation in addition to recovery to pre-pumping static conditions).  

Due to the significant decrease in pumping rates experienced during the initial till water 
extraction test at HS-2, coupled with the slow and incomplete recovery of water level in HS-2 after 
that test and the influence of the rainfall event during the test, a second phase of the till water 
extraction test was completed at HS-2.  The second phase of the till water extraction test at well  
HS-2 began on July 25, 2006.  The static water level in HS-2 prior to the start of the testing on July 
25, 2006 was at 7.25 feet below ground surface (bgs).  Based on a total depth for the well of  
17.16 feet, there was a 9.91-foot water column in HS-2 at the start of the testing on July 25, 2006.  

Prior to the start of the second phase of the till water extraction test, pressure transducers 
were placed in HS-2 and nearby wells HS-1, HS-1A, PT-3, PT-4, and PS-3.  Manual water level 
measurements were also collected during the test from HS-2, newly installed till piezometers (PT-1, 
PT-2, PT-3, PT-4, PT-5, PT-6, PT-7, and PT-8); newly installed sand and gravel piezometers (PS-1, 
PS-2, PS-3, and PS-4); and existing wells (HS-1, IW-5, HS-1A, and T-1) using an electronic water 
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level meter.  Pumping from HS-2 began at 10:35 A.M. on July 25, 2006 and ceased at 12:45 P.M. on 
July 27, 2006 (elapsed time of 50.17 hours).  The pumping rate was adjusted incrementally 
downward during the test from an initial flow rate of 1.1 gpm to an ending flow rate of 0.5 gpm, to 
maintain the water level 1 to 1.5 feet above the bottom of the well and ensuring the well did not 
pump dry.  Figure 6 depicts the till water extraction rate over the duration of the test and the 
cumulative volume of water removed from well HS-2 during the test.  Approximately 2,350 gallons 
of till water were removed from well HS-2 during the second phase of the till water extraction test. 

The transducers placed in HS-2, HS-1, HS-1A, PT-3, PT-4, and PS-3 continued to measure 
and record water levels for 22 hours following the end of pumping from HS-2.  During this 22-hour 
period the water level in well HS-2 recovered only 1.78 feet (18% of the static water level measured 
prior to the start of the test).  Based on the observed slow recovery rate following the second 
pumping event the transducer placed in HS-2 was left to measure and record water levels for an 
additional 168 hours.  The transducer water level readings from HS-2, HS-1, HS-1A, PT-3, PT-4, 
and PS-3 are presented in Figure 7.  The periodic manual water level measurements collected from 
HS-2 and selected wells at the Site during the third pumping event are summarized in Table 4 and 
depicted in Figure 8. 

A rain event consisting of periods of light showers began approximately 6 hours prior to the 
end of the pumping portion of the second phase of the till water extraction test (0.16 inches of rain 
measured in an on-site rain gauge).  The light showers ended prior to the end of pumping.  A second 
significant rain event occurred (approximately 11 hours after the end of pumping) during the 
recovery portion of the second phase of the till water extraction test (1.6 inches of rain as measured 
by an on-site rain gauge). 

The water level responses measured in the wells during the second phase of the till water 
extraction test at HS-2 were consistent with those observed during the test conducted from July  
10-12, 2006, with the exception of the recovery response of HS-2.  Newly installed till piezometers 
PT-1, PT-2, PT-3, PT-4, PT-5, PT-6, PT-7, and PT-8; newly installed sand and gravel piezometers 
PS-1, PS-2, PS-3, and PS-4; and existing well T-1 demonstrated no response to the extraction of till 
water from HS-2.  Water level measurements from existing wells HS-1, HS-1A, and IW-5 indicated 
a response to the extraction of till water from HS-2.  However the recovery rate and magnitude in 
HS-2 was significantly less than the rates measured during the first phase of testing at HS-2 from 
July 10-12, 2006.   

The recovery transducer water level measurements from well HS-2 were analyzed using the 
Waterloo Hydrogeologic Inc. software package AquiferTest (version 2.5.7).  Based on the Theis 
and Jacob recovery test method, transmissivity of the till at HS-2 based on the second phase of the 
till water extraction test is 1.72 x 10-4 ft2/min, with a hydraulic conductivity of 1.74 x 10-5 ft/min.  
The results of the analysis are included in Appendix A.  Because these recovery water level 
measurements were collected over an extended period of time (190 hours), the influence of the short 



  

 -6- E N V I R O N 

duration precipitation events on the analysis of the results was minimized, and the transmissivity 
and hydraulic conductivity results are more indicative of recovery to steady-state conditions (i.e., 
recovery to pre-pumping static conditions). 
 
5.0 CONCLUSIONS 

The till water extraction test of T-1 was conducted to evaluate hydraulic conditions in the 
area of the augmented SVE trench segments proposed for the east side of the northern and central 
portions of the ECC Site where SVE was previously conducted (i.e., the area of proposed new SVE 
trench segments 1 through 3).  The results of that test determined that the hydraulic conductivity of 
the soils at T-1 is 2.98 x 10-7 ft/min.  During the initial 13.5-hour recovery period after cessation of 
pumping, the static water level in T-1 recovered 3.8% of the pre-test water level.  Based on these 
results, in the northern and central portions of the ECC Site, there is no direct hydraulic connection 
between the soils in the till and the underlying sand and gravel groundwater unit. 

The till water extraction test of HS-1 was conducted to evaluate hydraulic conditions in the 
area of the augmented SVE trench segments proposed for the south and southeast sides of the ECC 
Site (i.e., the area of proposed new SVE trench segments 6 and 7).  The results of the test 
determined that the hydraulic conductivity of the soils at HS-1 is 6.84 x 10-6 ft/min.  During the  
22-hour recovery period after cessation of pumping, the static water level in HS-1 recovered 76.8% 
of the pre-test water level.  Based on these results, on the south and southwest sides of the ECC 
Site, there is no direct hydraulic connection between the soils in the till and the underlying sand and 
gravel groundwater unit. 

The till water extraction test of HS-2 was conducted to evaluate hydraulic conditions in the 
area of the augmented SVE trench segments proposed for the southeast corner of the ECC Site (i.e., 
the area of proposed new SVE trench segment 5).  The results of that test determined that the 
hydraulic conductivity of the soils at HS-2 is 1.74 x 10-5 ft/min.  During the 22-hour recovery period 
after cessation of pumping, the static water level in HS-2 recovered 18% of the per-test water level.  
Based on these results, in the southeast corner of the ECC Site, there is no direct hydraulic 
connection between the soils in the till and the underlying sand and gravel groundwater unit. 

Accordingly, the results of the till water extraction tests indicate that it will not be necessary 
to use SVE wells in place of trench segments 5 and 6; rather, SVE trenches can be installed and 
operated across the entire alignment of the proposed augmented SVE trench system.
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TABLE 1
Well T-1 Testing Manual Water Level Measurements (July 5-12, 2006)

Enviro-Chem Superfund Site
Zionsville, Indiana

Top of Casing Water Level Elevation1

Well Elevation1 7/5/2006 11:00 7/5/2006 18:25 7/5/2006 18:40 7/7/2006 7:45 7/7/2006 10:50 7/10/2006 9:20 7/10/2006 13:52 7/10/2006 20:50 7/11/2006 10:17 7/11/2006 12:15 7/11/2006 15:15 7/11/2006 19:00 7/12/2006 9:00

T-1 897.41 - 879.90 872.41 -2 -2 875.85 876.09 876.45 877.10 877.21 877.34 877.48 878.05
IW-5 883.55 - - - 879.96 879.94 879.97 879.93 879.83 879.77 879.77 879.77 879.98 880.03
HS-1 886.40 - - - 878.62 878.74 880.30 880.29 880.17 880.10 880.09 880.10 880.16 880.29
HS-1A 887.27 - - - 879.50 879.48 879.49 879.45 879.43 879.42 879.46 879.59 879.66 879.73
HS-2 884.66 - - - 876.68 871.19 876.38 867.87 867.82 867.75 869.32 869.66 870.14 870.22
PT-1 887.93 875.91 - - 876.00 876.04 877.32 877.39 877.50 877.67 877.75 877.97 878.23 878.69
PT-2 888.16 881.03 - - 882.79 882.80 882.88 882.86 882.83 882.78 882.78 882.81 882.80 882.82
PT-3 885.42 876.04 - - 873.38 873.39 873.63 873.65 873.63 873.67 873.67 873.67 873.71 874.00
PT-4 885.40 876.17 - - 877.28 877.50 878.46 878.48 878.47 879.91 879.70 879.82 879.58 879.39
PT-5 882.14 871.56 - - 876.82 876.81 876.85 876.80 876.78 876.76 876.77 876.87 876.93 877.10
PT-6 882.58 862.55 - - 863.09 863.07 863.94 864.01 864.08 864.25 864.26 864.32 864.38 864.55
PT-7 884.66 881.39 - - 881.01 881.02 880.87 880.86 880.81 881.63 881.81 882.06 882.02 881.87
PT-8 884.73 878.76 - - 879.59 879.67 880.61 880.65 880.70 880.82 880.84 880.87 880.93 881.04
PS-1 888.20 881.05 - - 880.88 880.89 880.91 880.91 880.86 880.89 880.94 881.02 881.11 881.21
PS-2 886.15 880.43 - - 880.26 880.29 880.26 880.26 880.23 880.27 880.33 880.40 880.50 880.58
PS-3 882.67 879.55 - - 879.40 879.39 879.40 879.39 879.37 879.41 879.46 879.55 879.64 879.70
PS-4 884.04 879.65 - - 879.52 879.50 879.52 879.51 879.49 879.52 879.56 879.66 879.76 879.82

Notes:
1 Elevations in feet above mean sea level
2 Water level below the top of dedicated bladder pump
- Water level not measured 

E N V I R O N



TABLE 2
Well HS-1 Testing Manual Water Level Measurements (July 6-10, 2006)

Enviro-Chem Superfund Site
Zionsville, Indiana

Top of Casing Water Level Elevation1

Well Elevation1 7/6/2006 8:35 7/6/2006 9:45 7/6/2006 10:20 7/6/2006 15:30 7/7/2006 7:45 7/7/2006 10:50 7/10/2006 9:20

T-1 897.41 -2 -2 -2 -2 -2 -2 875.85
IW-5 883.55 - 879.99 879.96 879.96 879.96 879.94 879.97
HS-1 886.40 880.33 - 870.57 874.46 878.62 878.74 880.30
HS-1A 887.27 879.57 - 879.56 879.55 879.50 879.48 879.49
HS-2 884.66 - - - - 876.68 871.19 876.38
PT-1 887.93 - - - - 876.00 876.04 877.32
PT-2 888.16 - - - - 882.79 882.80 882.88
PT-3 885.42 - - - - 873.38 873.39 873.63
PT-4 885.40 - - - - 877.28 877.50 878.46
PT-5 882.14 876.57 - 876.63 876.75 876.82 876.81 876.85
PT-6 882.58 862.79 - 862.84 862.92 863.09 863.07 863.94
PT-7 884.66 881.12 - 881.12 881.11 881.01 881.02 880.87
PT-8 884.73 879.22 - 879.24 879.34 879.59 879.67 880.61
PS-1 888.20 - - - - 880.88 880.89 880.91
PS-2 886.15 - - - - 880.26 880.29 880.26
PS-3 882.67 879.45 - 879.45 879.46 879.40 879.39 879.40
PS-4 884.04 879.55 - 879.57 879.57 879.52 879.50 879.52

Notes:
1 Elevations in feet above mean sea level
2 Water level below the top of dedicated bladder pump
- Water level not measured 
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TABLE 3
Well HS-2 Testing Manual Water Level Measurements (July 7-12, 2006)

Enviro-Chem Superfund Site
Zionsville, Indiana

Top of Casing Water Level Elevation1

Well Elevation1 7/7/2006 7:45 7/7/2006 10:50 7/10/2006 9:20 7/10/2006 13:52 7/10/2006 20:50 7/11/2006 10:17 7/11/2006 12:15 7/11/2006 15:15 7/11/2006 19:00 7/12/2006 9:00

T-1 897.41 -2 -2 875.85 876.09 876.45 877.10 877.21 877.34 877.48 878.05
IW-5 883.55 879.96 879.94 879.97 879.93 879.83 879.77 879.77 879.77 879.98 880.03
HS-1 886.40 878.62 878.74 880.30 880.29 880.17 880.10 880.09 880.10 880.16 880.29
HS-1A 887.27 879.50 879.48 879.49 879.45 879.43 879.42 879.46 879.59 879.66 879.73
HS-2 884.66 876.68 871.19 876.38 867.87 867.82 867.75 869.32 869.66 870.14 870.22
PT-1 887.93 876.00 876.04 877.32 877.39 877.50 877.67 877.75 877.97 878.23 878.69
PT-2 888.16 882.79 882.80 882.88 882.86 882.83 882.78 882.78 882.81 882.80 882.82
PT-3 885.42 873.38 873.39 873.63 873.65 873.63 873.67 873.67 873.67 873.71 874.00
PT-4 885.40 877.28 877.50 878.46 878.48 878.47 879.91 879.70 879.82 879.58 879.39
PT-5 882.14 876.82 876.81 876.85 876.80 876.78 876.76 876.77 876.87 876.93 877.10
PT-6 882.58 863.09 863.07 863.94 864.01 864.08 864.25 864.26 864.32 864.38 864.55
PT-7 884.66 881.01 881.02 880.87 880.86 880.81 881.63 881.81 882.06 882.02 881.87
PT-8 884.73 879.59 879.67 880.61 880.65 880.70 880.82 880.84 880.87 880.93 881.04
PS-1 888.20 880.88 880.89 880.91 880.91 880.86 880.89 880.94 881.02 881.11 881.21
PS-2 886.15 880.26 880.29 880.26 880.26 880.23 880.27 880.33 880.40 880.50 880.58
PS-3 882.67 879.40 879.39 879.40 879.39 879.37 879.41 879.46 879.55 879.64 879.70
PS-4 884.04 879.52 879.50 879.52 879.51 879.49 879.52 879.56 879.66 879.76 879.82

Notes:
1 Elevations in feet above mean sea level
2 Water level below the top of dedicated bladder pump
- Water level not measured 

E N V I R O N



TABLE 4
Well HS-2 Testing Manual Water Level Measurements (July 21-August 4, 2006)

Enviro-Chem Superfund Site
Zionsville, Indiana

Top of Casing Water Level Elevation1

Well Elevation1 7/21/2006 10:20 7/25/2006 9:27 7/25/2006 13:30 7/25/2006 15:50 7/25/2006 18:45 7/25/2006 20:55 7/26/2006 7:45
T-1 897.41 881.57 881.78 881.80 881.80 881.82 881.78 881.81
IW-5 883.55 880.09 880.07 880.06 880.06 880.07 880.00 879.97
HS-1 886.40 880.38 880.38 880.48 880.47 880.42 880.37 880.36
HS-1A 887.27 879.69 879.58 879.58 879.60 879.58 879.55 879.54
HS-2 884.66 876.03 876.37 869.57 867.90 867.51 867.46 867.81
PT-1 887.93 879.01 879.34 879.40 879.38 879.23 879.23 879.39
PT-2 888.16 882.85 882.81 882.82 882.85 882.84 882.81 882.87
PT-3 885.42 874.63 875.25 875.46 875.29 875.17 875.14 875.23
PT-4 885.40 879.37 879.64 879.81 879.81 879.83 879.82 879.85
PT-5 882.14 877.16 877.18 877.16 877.16 877.15 877.12 877.10
PT-6 882.58 866.63 868.21 868.36 868.42 868.54 868.56 868.90
PT-7 884.66 881.39 880.98 880.98 880.97 880.94 880.91 880.89
PT-8 884.73 881.79 881.90 881.91 881.91 881.94 881.90 881.91
PS-1 888.20 881.09 880.99 881.01 881.01 881.01 880.99 881.02
PS-2 886.15 880.47 880.36 880.40 880.39 880.40 880.37 880.40
PS-3 882.67 879.57 879.46 879.46 879.49 879.49 879.48 879.47
PS-4 884.04 879.67 879.56 879.60 879.60 879.60 879.59 879.59

Notes:
1 Elevations in feet above mean sea level
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TABLE 4
Well HS-2 Testing Manual Water Level Measurements (July 21-August 4, 2006)

Enviro-Chem Superfund Site
Zionsville, Indiana

Top of Casing Water Level Elevation1

Well Elevation1 7/26/2006 12:42 7/26/2006 17:55 7/26/2006 21:10 7/27/2006 7:45 7/27/2006 13:05 7/27/2006 18:33 7/28/2006 10:25 8/4/2006 12:15
T-1 897.41 881.85 881.84 881.83 881.85 881.85 881.80 881.81 881.87
IW-5 883.55 880.00 879.96 879.95 879.91 879.90 879.89 879.99 880.03
HS-1 886.40 880.37 880.34 880.28 880.29 880.26 880.20 880.22 880.41
HS-1A 887.27 879.55 879.55 879.53 879.50 879.50 879.46 879.69 879.59
HS-2 884.66 867.51 867.45 867.72 867.83 868.69 868.88 869.37 874.20
PT-1 887.93 879.27 879.28 879.31 879.40 879.42 879.23 880.09 880.32
PT-2 888.16 882.86 882.88 882.86 882.85 882.81 882.77 882.76 882.71
PT-3 885.42 875.28 875.31 875.30 875.38 875.40 875.40 875.58 875.61
PT-4 885.40 879.87 879.88 879.88 879.91 879.92 879.93 881.73 880.89
PT-5 882.14 877.11 877.10 877.08 877.05 877.01 877.02 877.12 877.34
PT-6 882.58 869.06 869.23 869.30 869.59 869.73 869.84 870.22 873.74
PT-7 884.66 880.89 880.87 880.84 880.87 880.92 880.88 881.83 881.62
PT-8 884.73 881.94 881.94 881.91 881.92 881.92 881.89 882.05 882.05
PS-1 888.20 881.01 881.01 880.99 880.98 880.96 880.94 881.18 881.03
PS-2 886.15 880.38 880.37 880.36 880.37 880.36 880.32 880.58 880.42
PS-3 882.67 879.47 879.48 879.48 879.48 879.45 879.43 879.69 879.52
PS-4 884.04 879.59 879.59 879.59 879.58 879.57 879.55 879.80 879.63

Notes:
1 Elevations in feet above mean sea level
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AquiferTest Output 



Date: 14.07.2006 Page 1

Project: ECC

Evaluated by: WAW

Pumping Test No. T1

T1

Test conducted on: 7/5/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.10 U.S.gal/min

Pumping test duration: 5.00 min

t/t'

s'
 [f

t]

100 101

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00
T1

Transmissivity [ft²/min]:  2.59 x 10-6

Hydraulic conductivity [ft/min]:  2.98 x 10-7

Aquifer thickness [ft]: 8.70



Date: 14.07.2006 Page 2

Project: ECC

Evaluated by: WAW

Pumping Test No. T1

T1

Test conducted on: 7/5/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.10 U.S.gal/min

Pumping test duration: 5.00 min

2 810.00 24.68 7.17 4.22
3 6650.00 21.56 4.05 3.11
4 6922.00 21.32 3.81 2.98
5 7340.00 20.96 3.45 2.77
6 8147.00 20.31 2.80 2.35
7 8265.00 20.20 2.69 2.27
8 8445.00 20.07 2.56 2.18
9 8670.00 19.93 2.42 2.08

10 9510.00 19.36 1.85 1.65

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

T1

Static water level: 17.51 ft below datum



Date: 14.07.2006 Page 1

Project: ECC

Evaluated by: WAW

Pumping Test No. HS1

HS1

Test conducted on: 7/6/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.25 U.S.gal/min

Pumping test duration: 40.00 min

t/t'

s'
 [f

t]

100 101 102

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00
HS1

Transmissivity [ft²/min]:  7.75 x 10-5

Hydraulic conductivity [ft/min]:  6.84 x 10-6

Aquifer thickness [ft]: 11.33



Date: 14.07.2006 Page 2

Project: ECC

Evaluated by: WAW

Pumping Test No. HS1

HS1

Test conducted on: 7/6/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.25 U.S.gal/min

Pumping test duration: 40.00 min

2 2.50 16.46 10.39 5.63
3 5.15 16.46 10.39 5.63
4 7.95 16.42 10.35 5.62
5 10.92 16.39 10.32 5.62
6 14.06 16.35 10.28 5.62
7 17.39 16.31 10.24 5.61
8 20.92 16.27 10.20 5.61
9 24.66 16.23 10.16 5.60

10 28.62 16.18 10.11 5.60
11 32.81 16.13 10.06 5.59
12 37.26 16.08 10.01 5.59
13 41.96 16.02 9.95 5.58
14 46.95 15.96 9.89 5.57
15 52.23 15.89 9.82 5.56
16 57.82 15.82 9.75 5.56
17 63.75 15.75 9.68 5.55
18 70.02 15.68 9.61 5.53
19 76.67 15.60 9.53 5.52
20 83.71 15.51 9.44 5.51
21 91.17 15.43 9.36 5.49
22 99.07 15.34 9.27 5.48
23 107.44 15.25 9.18 5.46
24 116.30 15.15 9.08 5.44
25 125.69 15.04 8.97 5.42
26 135.64 14.94 8.87 5.40
27 145.64 14.83 8.76 5.37
28 155.64 14.72 8.65 5.35
29 165.64 14.61 8.54 5.32
30 175.64 14.50 8.43 5.29
31 185.64 14.39 8.32 5.26
32 195.64 14.28 8.21 5.23
33 205.64 14.17 8.10 5.20
34 215.64 14.06 7.99 5.17
35 225.64 13.94 7.87 5.14
36 235.64 13.83 7.76 5.10
37 245.64 13.72 7.65 5.07
38 255.64 13.60 7.53 5.03
39 265.64 13.49 7.42 4.99
40 275.64 13.34 7.27 4.94
41 285.64 13.15 7.08 4.87
42 295.64 12.96 6.89 4.80
43 305.64 12.79 6.72 4.73
44 315.64 12.61 6.54 4.65
45 325.64 12.45 6.38 4.58
46 335.64 12.29 6.22 4.51
47 345.64 12.13 6.06 4.44
48 355.64 11.98 5.91 4.37
49 365.64 11.84 5.77 4.30
50 375.64 11.70 5.63 4.23

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS1

Static water level: 6.07 ft below datum



Date: 14.07.2006 Page 3

Project: ECC

Evaluated by: WAW

Pumping Test No. HS1

HS1

Test conducted on: 7/6/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.25 U.S.gal/min

Pumping test duration: 40.00 min

51 385.64 11.56 5.49 4.16
52 395.64 11.43 5.36 4.09
53 405.64 11.31 5.24 4.03
54 415.64 11.19 5.12 3.96
55 425.64 11.07 5.00 3.89
56 435.64 10.95 4.88 3.83
57 445.64 10.84 4.77 3.77
58 455.64 10.73 4.66 3.70
59 465.64 10.63 4.56 3.64
60 475.64 10.53 4.46 3.58
61 485.64 10.43 4.36 3.52
62 495.64 10.34 4.27 3.47
63 505.64 10.25 4.18 3.41
64 515.64 10.16 4.09 3.35
65 525.64 10.08 4.01 3.30
66 535.64 9.99 3.92 3.24
67 545.64 9.91 3.84 3.19
68 555.64 9.84 3.77 3.14
69 565.64 9.76 3.69 3.09
70 575.64 9.69 3.62 3.04
71 585.64 9.62 3.55 2.99
72 595.64 9.55 3.48 2.95
73 605.64 9.49 3.42 2.90
74 615.64 9.43 3.36 2.86
75 625.64 9.37 3.30 2.82
76 635.64 9.31 3.24 2.78
77 645.64 9.25 3.18 2.74
78 655.64 9.20 3.13 2.69
79 665.64 9.14 3.07 2.66
80 675.64 9.09 3.02 2.62
81 685.64 9.04 2.97 2.58
82 695.64 8.99 2.92 2.55
83 705.64 8.95 2.88 2.51
84 715.64 8.90 2.83 2.48
85 725.64 8.86 2.79 2.45
86 735.64 8.82 2.75 2.42
87 745.64 8.78 2.71 2.38
88 755.64 8.74 2.67 2.35
89 765.64 8.70 2.63 2.32
90 775.64 8.66 2.59 2.30
91 785.64 8.63 2.56 2.27
92 795.64 8.60 2.53 2.24
93 805.64 8.56 2.49 2.22
94 815.64 8.53 2.46 2.19
95 825.64 8.50 2.43 2.17
96 835.64 8.47 2.40 2.14
97 845.64 8.44 2.37 2.12
98 855.64 8.41 2.34 2.10
99 865.64 8.38 2.31 2.08

100 875.64 8.35 2.28 2.05

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS1

Static water level: 6.07 ft below datum



Date: 14.07.2006 Page 4

Project: ECC

Evaluated by: WAW

Pumping Test No. HS1

HS1

Test conducted on: 7/6/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.25 U.S.gal/min

Pumping test duration: 40.00 min

101 885.64 8.33 2.26 2.03
102 895.64 8.30 2.23 2.01
103 905.64 8.27 2.20 1.99
104 915.64 8.25 2.18 1.97
105 925.64 8.23 2.16 1.95
106 935.64 8.21 2.14 1.93
107 945.64 8.18 2.11 1.92
108 955.64 8.16 2.09 1.90
109 965.64 8.14 2.07 1.88
110 975.64 8.12 2.05 1.87
111 985.64 8.10 2.03 1.85
112 995.64 8.08 2.01 1.83
113 1005.64 8.06 1.99 1.82
114 1015.64 8.05 1.98 1.80
115 1025.64 8.03 1.96 1.79
116 1035.64 8.01 1.94 1.78
117 1045.64 8.00 1.93 1.76
118 1055.64 7.98 1.91 1.75
119 1065.64 7.96 1.89 1.74
120 1075.64 7.95 1.88 1.72
121 1085.64 7.93 1.86 1.71
122 1095.64 7.92 1.85 1.70
123 1105.64 7.90 1.83 1.68
124 1115.64 7.89 1.82 1.67
125 1125.64 7.87 1.80 1.66
126 1135.64 7.86 1.79 1.65
127 1145.64 7.85 1.78 1.64
128 1155.64 7.86 1.79 1.65
129 1165.64 7.96 1.89 1.74
130 1175.64 7.99 1.92 1.76
131 1185.64 7.97 1.90 1.74
132 1195.64 7.96 1.89 1.73
133 1205.64 7.94 1.87 1.72
134 1215.64 7.93 1.86 1.70
135 1225.64 7.91 1.84 1.69
136 1235.64 7.90 1.83 1.68
137 1245.64 7.88 1.81 1.67
138 1255.64 7.87 1.80 1.66
139 1265.64 7.85 1.78 1.64
140 1275.64 7.84 1.77 1.63
141 1285.64 7.83 1.76 1.62
142 1295.64 7.81 1.74 1.61
143 1305.64 7.80 1.73 1.60
144 1315.64 7.78 1.71 1.58

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS1

Static water level: 6.07 ft below datum



Date: 14.07.2006 Page 1

Project: ECC

Evaluated by: WAW

Pumping Test No. HS2B

HS2B

Test conducted on: 7/10/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.83 U.S.gal/min

Pumping test duration: 1440.00 min

t/t'

s'
 [f

t]

100 101 102 103

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00
HS2B

Transmissivity [ft²/min]:  7.22 x 10-2

Hydraulic conductivity [ft/min]:  7.28 x 10-3

Aquifer thickness [ft]: 9.92



Date: 14.07.2006 Page 2

Project: ECC

Evaluated by: WAW

Pumping Test No. HS2B

HS2B

Test conducted on: 7/10/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.83 U.S.gal/min

Pumping test duration: 1440.00 min

2 10.00 15.69 7.41 4.64
3 20.00 15.59 7.31 4.62
4 30.00 15.52 7.24 4.60
5 40.00 15.47 7.19 4.58
6 50.00 15.44 7.16 4.58
7 60.00 15.41 7.13 4.57
8 70.00 15.38 7.10 4.56
9 80.00 15.36 7.08 4.55

10 90.00 15.30 7.02 4.54
11 100.00 15.28 7.00 4.53
12 110.00 15.26 6.98 4.52
13 120.00 15.24 6.96 4.52
14 130.00 15.23 6.95 4.52
15 140.00 15.21 6.93 4.51
16 150.00 15.19 6.91 4.50
17 160.00 15.18 6.90 4.50
18 170.00 15.16 6.88 4.49
19 180.00 15.13 6.85 4.48
20 190.00 15.11 6.83 4.48
21 200.00 15.09 6.81 4.47
22 210.00 15.07 6.79 4.47
23 220.00 14.99 6.71 4.44
24 230.00 15.01 6.73 4.45
25 240.00 14.99 6.71 4.44
26 250.00 14.98 6.70 4.44
27 260.00 14.97 6.69 4.43
28 270.00 14.96 6.68 4.43
29 280.00 14.94 6.66 4.42
30 290.00 14.93 6.65 4.42
31 300.00 14.91 6.63 4.41
32 310.00 14.90 6.62 4.41
33 320.00 14.88 6.60 4.40
34 330.00 14.87 6.59 4.40
35 340.00 14.85 6.57 4.39
36 350.00 14.83 6.55 4.39
37 360.00 14.81 6.53 4.38
38 370.00 14.79 6.51 4.37
39 380.00 14.76 6.48 4.36
40 390.00 14.74 6.46 4.36
41 400.00 14.72 6.44 4.35
42 410.00 14.70 6.42 4.34
43 420.00 14.67 6.39 4.33
44 430.00 14.65 6.37 4.32
45 440.00 14.63 6.35 4.32
46 450.00 14.60 6.32 4.31
47 460.00 14.58 6.30 4.30
48 470.00 14.56 6.28 4.29
49 480.00 14.55 6.27 4.29
50 490.00 14.53 6.25 4.28

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum



Date: 14.07.2006 Page 3

Project: ECC

Evaluated by: WAW

Pumping Test No. HS2B

HS2B

Test conducted on: 7/10/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.83 U.S.gal/min

Pumping test duration: 1440.00 min

51 500.00 14.52 6.24 4.28
52 510.00 14.50 6.22 4.27
53 520.00 14.48 6.20 4.26
54 530.00 14.47 6.19 4.26
55 540.00 14.46 6.18 4.25
56 550.00 14.53 6.25 4.28
57 560.00 14.53 6.25 4.28
58 570.00 14.54 6.26 4.28
59 580.00 14.54 6.26 4.28
60 590.00 14.55 6.27 4.29
61 600.00 14.56 6.28 4.29
62 610.00 14.57 6.29 4.30
63 620.00 14.58 6.30 4.30
64 630.00 14.59 6.31 4.30
65 640.00 14.59 6.31 4.30
66 650.00 14.60 6.32 4.31
67 660.00 14.60 6.32 4.31
68 670.00 14.60 6.32 4.31
69 680.00 14.60 6.32 4.31
70 690.00 14.60 6.32 4.31
71 700.00 14.61 6.33 4.31
72 710.00 14.62 6.34 4.31
73 720.00 14.62 6.34 4.31
74 730.00 14.62 6.34 4.31
75 740.00 14.62 6.34 4.31
76 750.00 14.63 6.35 4.32
77 760.00 14.64 6.36 4.32
78 770.00 14.64 6.36 4.32
79 780.00 14.64 6.36 4.32
80 790.00 14.65 6.37 4.32
81 800.00 14.65 6.37 4.32
82 810.00 14.65 6.37 4.32
83 820.00 14.65 6.37 4.32
84 830.00 14.65 6.37 4.32
85 840.00 14.64 6.36 4.32
86 850.00 14.64 6.36 4.32
87 860.00 14.64 6.36 4.32
88 870.00 14.64 6.36 4.32
89 880.00 14.64 6.36 4.32
90 890.00 14.64 6.36 4.32
91 900.00 14.64 6.36 4.32
92 910.00 14.64 6.36 4.32
93 920.00 14.64 6.36 4.32
94 930.00 14.63 6.35 4.32
95 940.00 14.63 6.35 4.32
96 950.00 14.63 6.35 4.32
97 960.00 14.63 6.35 4.32
98 970.00 14.62 6.34 4.31
99 980.00 14.62 6.34 4.31

100 990.00 14.61 6.33 4.31

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum



Date: 14.07.2006 Page 4

Project: ECC

Evaluated by: WAW

Pumping Test No. HS2B

HS2B

Test conducted on: 7/10/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.83 U.S.gal/min

Pumping test duration: 1440.00 min

101 1000.00 14.61 6.33 4.31
102 1010.00 14.61 6.33 4.31
103 1020.00 14.60 6.32 4.31
104 1030.00 14.60 6.32 4.31
105 1040.00 14.60 6.32 4.31
106 1050.00 14.59 6.31 4.30
107 1060.00 14.59 6.31 4.30
108 1070.00 14.58 6.30 4.30
109 1080.00 14.58 6.30 4.30
110 1090.00 14.58 6.30 4.30
111 1100.00 14.58 6.30 4.30
112 1110.00 14.58 6.30 4.30
113 1120.00 14.58 6.30 4.30
114 1130.00 14.57 6.29 4.30
115 1140.00 14.57 6.29 4.30
116 1150.00 14.57 6.29 4.30
117 1160.00 14.56 6.28 4.29
118 1170.00 14.56 6.28 4.29
119 1180.00 14.56 6.28 4.29
120 1190.00 14.56 6.28 4.29
121 1200.00 14.56 6.28 4.29
122 1210.00 14.56 6.28 4.29
123 1220.00 14.56 6.28 4.29
124 1230.00 14.55 6.27 4.29
125 1240.00 14.55 6.27 4.29
126 1250.00 14.55 6.27 4.29
127 1260.00 14.55 6.27 4.29
128 1270.00 14.55 6.27 4.29
129 1280.00 14.55 6.27 4.29
130 1290.00 14.54 6.26 4.28
131 1300.00 14.54 6.26 4.28
132 1310.00 14.54 6.26 4.28
133 1320.00 14.54 6.26 4.28
134 1330.00 14.54 6.26 4.28
135 1340.00 14.52 6.24 4.28

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum



Date: 04.08.2006 Page 1

Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

t/t'

s'
 [f

t]

100 101 102 103

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00
HS2B

Transmissivity [ft²/min]:  1.72 x 10-4

Hydraulic conductivity [ft/min]:  1.74 x 10-5

Aquifer thickness [ft]: 9.91
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

2 15.00 16.00 7.72 4.71
3 30.00 15.97 7.69 4.71
4 45.00 15.95 7.67 4.70
5 60.00 15.94 7.66 4.70
6 75.00 15.92 7.64 4.70
7 90.00 15.91 7.63 4.69
8 105.00 15.90 7.62 4.69
9 120.00 15.89 7.61 4.69

10 135.00 15.88 7.60 4.69
11 150.00 15.87 7.59 4.68
12 165.00 15.86 7.58 4.68
13 180.00 15.85 7.57 4.68
14 195.00 15.85 7.57 4.68
15 210.00 15.84 7.56 4.68
16 225.00 15.82 7.54 4.67
17 240.00 15.82 7.54 4.67
18 255.00 15.81 7.53 4.67
19 270.00 15.81 7.53 4.67
20 285.00 15.80 7.52 4.67
21 300.00 15.80 7.52 4.67
22 315.00 15.79 7.51 4.66
23 330.00 15.78 7.50 4.66
24 345.00 15.77 7.49 4.66
25 360.00 15.77 7.49 4.66
26 375.00 15.76 7.48 4.66
27 390.00 15.76 7.48 4.66
28 405.00 15.74 7.46 4.65
29 420.00 15.74 7.46 4.65
30 435.00 15.73 7.45 4.65
31 450.00 15.73 7.45 4.65
32 465.00 15.72 7.44 4.65
33 480.00 15.72 7.44 4.65
34 495.00 15.71 7.43 4.64
35 510.00 15.71 7.43 4.64
36 525.00 15.70 7.42 4.64
37 540.00 15.69 7.41 4.64
38 555.00 15.69 7.41 4.64
39 570.00 15.68 7.40 4.64
40 585.00 15.68 7.40 4.64
41 600.00 15.67 7.39 4.63
42 615.00 15.67 7.39 4.63
43 630.00 15.66 7.38 4.63
44 645.00 15.66 7.38 4.63
45 660.00 15.59 7.31 4.61
46 675.00 15.45 7.17 4.58
47 690.00 15.41 7.13 4.57
48 705.00 15.41 7.13 4.57
49 720.00 15.40 7.12 4.56
50 735.00 15.37 7.09 4.55

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

51 750.00 15.35 7.07 4.55
52 765.00 15.34 7.06 4.55
53 780.00 15.34 7.06 4.55
54 795.00 15.33 7.05 4.54
55 810.00 15.33 7.05 4.54
56 825.00 15.32 7.04 4.54
57 840.00 15.31 7.03 4.54
58 855.00 15.30 7.02 4.53
59 870.00 15.28 7.00 4.53
60 885.00 15.27 6.99 4.52
61 900.00 15.26 6.98 4.52
62 915.00 15.25 6.97 4.52
63 930.00 15.25 6.97 4.52
64 945.00 15.24 6.96 4.52
65 960.00 15.23 6.95 4.51
66 975.00 15.22 6.94 4.51
67 990.00 15.21 6.93 4.51
68 1005.00 15.20 6.92 4.50
69 1020.00 15.20 6.92 4.50
70 1035.00 15.19 6.91 4.50
71 1050.00 15.19 6.91 4.50
72 1065.00 15.18 6.90 4.50
73 1080.00 15.17 6.89 4.49
74 1095.00 15.16 6.88 4.49
75 1110.00 15.16 6.88 4.49
76 1125.00 15.15 6.87 4.49
77 1140.00 15.15 6.87 4.49
78 1155.00 15.22 6.94 4.51
79 1170.00 15.24 6.96 4.52
80 1185.00 15.26 6.98 4.52
81 1200.00 15.27 6.99 4.52
82 1215.00 15.27 6.99 4.52
83 1230.00 15.28 7.00 4.53
84 1245.00 15.28 7.00 4.53
85 1260.00 15.29 7.01 4.53
86 1275.00 15.28 7.00 4.53
87 1290.00 15.29 7.01 4.53
88 1305.00 15.29 7.01 4.53
89 1320.00 15.28 7.00 4.53
90 1335.00 15.28 7.00 4.53
91 1350.00 15.28 7.00 4.53
92 1365.00 15.28 7.00 4.53
93 1380.00 15.28 7.00 4.53
94 1395.00 15.27 6.99 4.52
95 1410.00 15.27 6.99 4.52
96 1425.00 15.26 6.98 4.52
97 1440.00 15.26 6.98 4.52
98 1455.00 15.26 6.98 4.52
99 1470.00 15.25 6.97 4.52

100 1485.00 15.25 6.97 4.52

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

101 1500.00 15.24 6.96 4.52
102 1515.00 15.24 6.96 4.52
103 1530.00 15.24 6.96 4.52
104 1545.00 15.24 6.96 4.52
105 1560.00 15.23 6.95 4.51
106 1575.00 15.23 6.95 4.51
107 1590.00 15.22 6.94 4.51
108 1605.00 15.22 6.94 4.51
109 1620.00 15.21 6.93 4.51
110 1635.00 15.21 6.93 4.51
111 1650.00 15.20 6.92 4.50
112 1665.00 15.20 6.92 4.50
113 1680.00 15.20 6.92 4.50
114 1695.00 15.19 6.91 4.50
115 1710.00 15.19 6.91 4.50
116 1725.00 15.18 6.90 4.50
117 1740.00 15.18 6.90 4.50
118 1755.00 15.18 6.90 4.50
119 1770.00 15.17 6.89 4.49
120 1785.00 15.17 6.89 4.49
121 1800.00 15.16 6.88 4.49
122 1815.00 15.16 6.88 4.49
123 1830.00 15.16 6.88 4.49
124 1845.00 15.15 6.87 4.49
125 1860.00 15.15 6.87 4.49
126 1875.00 15.15 6.87 4.49
127 1890.00 15.15 6.87 4.49
128 1905.00 15.14 6.86 4.49
129 1920.00 15.13 6.85 4.48
130 1935.00 15.13 6.85 4.48
131 1950.00 15.13 6.85 4.48
132 1965.00 15.12 6.84 4.48
133 1980.00 15.12 6.84 4.48
134 1995.00 15.12 6.84 4.48
135 2010.00 15.11 6.83 4.48
136 2025.00 15.11 6.83 4.48
137 2040.00 15.10 6.82 4.47
138 2055.00 15.10 6.82 4.47
139 2070.00 15.09 6.81 4.47
140 2085.00 15.08 6.80 4.47
141 2100.00 15.08 6.80 4.47
142 2115.00 15.08 6.80 4.47
143 2130.00 15.07 6.79 4.46
144 2145.00 15.07 6.79 4.46
145 2160.00 15.06 6.78 4.46
146 2175.00 15.06 6.78 4.46
147 2190.00 15.06 6.78 4.46
148 2205.00 15.05 6.77 4.46
149 2220.00 15.04 6.76 4.45
150 2235.00 15.04 6.76 4.45

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

151 2250.00 15.04 6.76 4.45
152 2265.00 15.03 6.75 4.45
153 2280.00 15.03 6.75 4.45
154 2295.00 15.02 6.74 4.45
155 2310.00 15.01 6.73 4.44
156 2325.00 15.01 6.73 4.44
157 2340.00 15.01 6.73 4.44
158 2355.00 15.00 6.72 4.44
159 2370.00 15.00 6.72 4.44
160 2385.00 14.99 6.71 4.44
161 2400.00 14.99 6.71 4.44
162 2415.00 14.98 6.70 4.44
163 2430.00 14.97 6.69 4.43
164 2445.00 14.96 6.68 4.43
165 2460.00 14.97 6.69 4.43
166 2475.00 14.96 6.68 4.43
167 2490.00 14.95 6.67 4.43
168 2505.00 14.95 6.67 4.43
169 2520.00 14.94 6.66 4.42
170 2535.00 14.94 6.66 4.42
171 2550.00 14.93 6.65 4.42
172 2565.00 14.93 6.65 4.42
173 2580.00 14.92 6.64 4.42
174 2595.00 14.92 6.64 4.42
175 2610.00 14.92 6.64 4.42
176 2625.00 14.92 6.64 4.42
177 2640.00 14.92 6.64 4.42
178 2655.00 14.91 6.63 4.41
179 2670.00 14.91 6.63 4.41
180 2685.00 14.91 6.63 4.41
181 2700.00 14.90 6.62 4.41
182 2715.00 14.90 6.62 4.41
183 2730.00 14.89 6.61 4.41
184 2745.00 14.88 6.60 4.40
185 2760.00 14.88 6.60 4.40
186 2775.00 14.88 6.60 4.40
187 2790.00 14.88 6.60 4.40
188 2805.00 14.88 6.60 4.40
189 2820.00 14.88 6.60 4.40
190 2835.00 14.87 6.59 4.40
191 2850.00 14.86 6.58 4.40
192 2865.00 14.86 6.58 4.40
193 2880.00 14.85 6.57 4.39
194 2895.00 14.85 6.57 4.39
195 2910.00 14.84 6.56 4.39
196 2925.00 14.83 6.55 4.39
197 2940.00 14.83 6.55 4.39
198 2955.00 14.82 6.54 4.38
199 2970.00 14.82 6.54 4.38
200 2985.00 14.80 6.52 4.38

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

201 3000.00 14.80 6.52 4.38
202 3015.00 14.80 6.52 4.38
203 3030.00 14.79 6.51 4.37
204 3045.00 14.79 6.51 4.37
205 3060.00 14.79 6.51 4.37
206 3075.00 14.79 6.51 4.37
207 3090.00 14.78 6.50 4.37
208 3105.00 14.78 6.50 4.37
209 3120.00 14.78 6.50 4.37
210 3135.00 14.77 6.49 4.36
211 3150.00 14.76 6.48 4.36
212 3165.00 14.75 6.47 4.36
213 3180.00 14.75 6.47 4.36
214 3195.00 14.74 6.46 4.35
215 3210.00 14.74 6.46 4.35
216 3225.00 14.74 6.46 4.35
217 3240.00 14.74 6.46 4.35
218 3255.00 14.74 6.46 4.35
219 3270.00 14.74 6.46 4.35
220 3285.00 14.74 6.46 4.35
221 3300.00 14.74 6.46 4.35
222 3315.00 14.73 6.45 4.35
223 3330.00 14.72 6.44 4.35
224 3345.00 14.72 6.44 4.35
225 3360.00 14.72 6.44 4.35
226 3375.00 14.72 6.44 4.35
227 3390.00 14.72 6.44 4.35
228 3405.00 14.72 6.44 4.35
229 3420.00 14.72 6.44 4.35
230 3435.00 14.72 6.44 4.35
231 3450.00 14.72 6.44 4.35
232 3465.00 14.71 6.43 4.34
233 3480.00 14.71 6.43 4.34
234 3495.00 14.70 6.42 4.34
235 3510.00 14.70 6.42 4.34
236 3525.00 14.69 6.41 4.34
237 3540.00 14.69 6.41 4.34
238 3555.00 14.69 6.41 4.34
239 3570.00 14.68 6.40 4.33
240 3585.00 14.68 6.40 4.33
241 3600.00 14.68 6.40 4.33
242 3615.00 14.67 6.39 4.33
243 3630.00 14.67 6.39 4.33
244 3645.00 14.66 6.38 4.33
245 3660.00 14.65 6.37 4.32
246 3675.00 14.65 6.37 4.32
247 3690.00 14.64 6.36 4.32
248 3705.00 14.63 6.35 4.32
249 3720.00 14.63 6.35 4.32
250 3735.00 14.63 6.35 4.32

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

251 3750.00 14.62 6.34 4.31
252 3765.00 14.62 6.34 4.31
253 3780.00 14.61 6.33 4.31
254 3795.00 14.62 6.34 4.31
255 3810.00 14.62 6.34 4.31
256 3825.00 14.61 6.33 4.31
257 3840.00 14.61 6.33 4.31
258 3855.00 14.60 6.32 4.30
259 3870.00 14.59 6.31 4.30
260 3885.00 14.59 6.31 4.30
261 3900.00 14.59 6.31 4.30
262 3915.00 14.58 6.30 4.30
263 3930.00 14.57 6.29 4.29
264 3945.00 14.57 6.29 4.29
265 3960.00 14.58 6.30 4.30
266 3975.00 14.57 6.29 4.29
267 3990.00 14.57 6.29 4.29
268 4005.00 14.57 6.29 4.29
269 4020.00 14.57 6.29 4.29
270 4035.00 14.57 6.29 4.29
271 4050.00 14.56 6.28 4.29
272 4065.00 14.56 6.28 4.29
273 4080.00 14.56 6.28 4.29
274 4095.00 14.55 6.27 4.29
275 4110.00 14.55 6.27 4.29
276 4125.00 14.54 6.26 4.28
277 4140.00 14.53 6.25 4.28
278 4155.00 14.53 6.25 4.28
279 4170.00 14.52 6.24 4.28
280 4185.00 14.52 6.24 4.28
281 4200.00 14.51 6.23 4.27
282 4215.00 14.51 6.23 4.27
283 4230.00 14.51 6.23 4.27
284 4245.00 14.50 6.22 4.27
285 4260.00 14.50 6.22 4.27
286 4275.00 14.50 6.22 4.27
287 4290.00 14.50 6.22 4.27
288 4305.00 14.50 6.22 4.27
289 4320.00 14.49 6.21 4.26
290 4335.00 14.48 6.20 4.26
291 4350.00 14.48 6.20 4.26
292 4365.00 14.47 6.19 4.26
293 4380.00 14.46 6.18 4.25
294 4395.00 14.46 6.18 4.25
295 4410.00 14.46 6.18 4.25
296 4425.00 14.45 6.17 4.25
297 4440.00 14.44 6.16 4.25
298 4455.00 14.44 6.16 4.25
299 4470.00 14.43 6.15 4.24
300 4485.00 14.43 6.15 4.24

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

301 4500.00 14.43 6.15 4.24
302 4515.00 14.42 6.14 4.24
303 4530.00 14.41 6.13 4.23
304 4545.00 14.41 6.13 4.23
305 4560.00 14.41 6.13 4.23
306 4575.00 14.41 6.13 4.23
307 4590.00 14.41 6.13 4.23
308 4605.00 14.40 6.12 4.23
309 4620.00 14.39 6.11 4.23
310 4635.00 14.37 6.09 4.22
311 4650.00 14.36 6.08 4.21
312 4665.00 14.36 6.08 4.21
313 4680.00 14.35 6.07 4.21
314 4695.00 14.36 6.08 4.21
315 4710.00 14.36 6.08 4.21
316 4725.00 14.35 6.07 4.21
317 4740.00 14.35 6.07 4.21
318 4755.00 14.36 6.08 4.21
319 4770.00 14.37 6.09 4.22
320 4785.00 14.37 6.09 4.22
321 4800.00 14.36 6.08 4.21
322 4815.00 14.36 6.08 4.21
323 4830.00 14.35 6.07 4.21
324 4845.00 14.34 6.06 4.21
325 4860.00 14.34 6.06 4.21
326 4875.00 14.34 6.06 4.21
327 4890.00 14.34 6.06 4.21
328 4905.00 14.34 6.06 4.21
329 4920.00 14.33 6.05 4.20
330 4935.00 14.32 6.04 4.20
331 4950.00 14.32 6.04 4.20
332 4965.00 14.32 6.04 4.20
333 4980.00 14.31 6.03 4.20
334 4995.00 14.30 6.02 4.19
335 5010.00 14.30 6.02 4.19
336 5025.00 14.30 6.02 4.19
337 5040.00 14.29 6.01 4.19
338 5055.00 14.28 6.00 4.18
339 5070.00 14.28 6.00 4.18
340 5085.00 14.27 5.99 4.18
341 5100.00 14.27 5.99 4.18
342 5115.00 14.26 5.98 4.18
343 5130.00 14.25 5.97 4.17
344 5145.00 14.25 5.97 4.17
345 5160.00 14.24 5.96 4.17
346 5175.00 14.23 5.95 4.16
347 5190.00 14.23 5.95 4.16
348 5205.00 14.22 5.94 4.16
349 5220.00 14.22 5.94 4.16
350 5235.00 14.22 5.94 4.16

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

351 5250.00 14.21 5.93 4.16
352 5265.00 14.21 5.93 4.16
353 5280.00 14.20 5.92 4.15
354 5295.00 14.20 5.92 4.15
355 5310.00 14.20 5.92 4.15
356 5325.00 14.20 5.92 4.15
357 5340.00 14.20 5.92 4.15
358 5355.00 14.19 5.91 4.15
359 5370.00 14.19 5.91 4.15
360 5385.00 14.19 5.91 4.15
361 5400.00 14.19 5.91 4.15
362 5415.00 14.19 5.91 4.15
363 5430.00 14.19 5.91 4.15
364 5445.00 14.18 5.90 4.14
365 5460.00 14.18 5.90 4.14
366 5475.00 14.18 5.90 4.14
367 5490.00 14.17 5.89 4.14
368 5505.00 14.17 5.89 4.14
369 5520.00 14.17 5.89 4.14
370 5535.00 14.16 5.88 4.14
371 5550.00 14.15 5.87 4.13
372 5565.00 14.15 5.87 4.13
373 5580.00 14.15 5.87 4.13
374 5595.00 14.14 5.86 4.13
375 5610.00 14.13 5.85 4.12
376 5625.00 14.13 5.85 4.12
377 5640.00 14.13 5.85 4.12
378 5655.00 14.12 5.84 4.12
379 5670.00 14.12 5.84 4.12
380 5685.00 14.11 5.83 4.12
381 5700.00 14.11 5.83 4.12
382 5715.00 14.10 5.82 4.11
383 5730.00 14.10 5.82 4.11
384 5745.00 14.09 5.81 4.11
385 5760.00 14.09 5.81 4.11
386 5775.00 14.08 5.80 4.10
387 5790.00 14.07 5.79 4.10
388 5805.00 14.06 5.78 4.09
389 5820.00 14.06 5.78 4.09
390 5835.00 14.05 5.77 4.09
391 5850.00 14.04 5.76 4.09
392 5865.00 14.03 5.75 4.08
393 5880.00 14.04 5.76 4.09
394 5895.00 14.03 5.75 4.08
395 5910.00 14.03 5.75 4.08
396 5925.00 14.02 5.74 4.08
397 5940.00 14.02 5.74 4.08
398 5955.00 14.02 5.74 4.08
399 5970.00 14.01 5.73 4.07
400 5985.00 14.01 5.73 4.07

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum



Date: 04.08.2006 Page 10

Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

401 6000.00 14.00 5.72 4.07
402 6015.00 14.00 5.72 4.07
403 6030.00 13.99 5.71 4.06
404 6045.00 13.99 5.71 4.06
405 6060.00 13.99 5.71 4.06
406 6075.00 13.99 5.71 4.06
407 6090.00 13.98 5.70 4.06
408 6105.00 13.98 5.70 4.06
409 6120.00 13.97 5.69 4.06
410 6135.00 13.97 5.69 4.06
411 6150.00 13.96 5.68 4.05
412 6165.00 13.96 5.68 4.05
413 6180.00 13.95 5.67 4.05
414 6195.00 13.95 5.67 4.05
415 6210.00 13.95 5.67 4.05
416 6225.00 13.95 5.67 4.05
417 6240.00 13.94 5.66 4.04
418 6255.00 13.94 5.66 4.04
419 6270.00 13.94 5.66 4.04
420 6285.00 13.94 5.66 4.04
421 6300.00 13.94 5.66 4.04
422 6315.00 13.93 5.65 4.04
423 6330.00 13.93 5.65 4.04
424 6345.00 13.92 5.64 4.04
425 6360.00 13.92 5.64 4.04
426 6375.00 13.91 5.63 4.03
427 6390.00 13.90 5.62 4.03
428 6405.00 13.90 5.62 4.03
429 6420.00 13.89 5.61 4.02
430 6435.00 13.89 5.61 4.02
431 6450.00 13.89 5.61 4.02
432 6465.00 13.88 5.60 4.02
433 6480.00 13.88 5.60 4.02
434 6495.00 13.87 5.59 4.01
435 6510.00 13.86 5.58 4.01
436 6525.00 13.86 5.58 4.01
437 6540.00 13.86 5.58 4.01
438 6555.00 13.85 5.57 4.00
439 6570.00 13.85 5.57 4.00
440 6585.00 13.84 5.56 4.00
441 6600.00 13.84 5.56 4.00
442 6615.00 13.83 5.55 4.00
443 6630.00 13.82 5.54 3.99
444 6645.00 13.82 5.54 3.99
445 6660.00 13.81 5.53 3.99
446 6675.00 13.80 5.52 3.98
447 6690.00 13.80 5.52 3.98
448 6705.00 13.79 5.51 3.98
449 6720.00 13.79 5.51 3.98
450 6735.00 13.79 5.51 3.98

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

451 6750.00 13.78 5.50 3.97
452 6765.00 13.78 5.50 3.97
453 6780.00 13.77 5.49 3.97
454 6795.00 13.78 5.50 3.97
455 6810.00 13.77 5.49 3.97
456 6825.00 13.77 5.49 3.97
457 6840.00 13.76 5.48 3.96
458 6855.00 13.76 5.48 3.96
459 6870.00 13.76 5.48 3.96
460 6885.00 13.75 5.47 3.96
461 6900.00 13.74 5.46 3.96
462 6915.00 13.74 5.46 3.96
463 6930.00 13.74 5.46 3.96
464 6945.00 13.73 5.45 3.95
465 6960.00 13.73 5.45 3.95
466 6975.00 13.72 5.44 3.95
467 6990.00 13.71 5.43 3.94
468 7005.00 13.71 5.43 3.94
469 7020.00 13.70 5.42 3.94
470 7035.00 13.69 5.41 3.93
471 7050.00 13.69 5.41 3.93
472 7065.00 13.69 5.41 3.93
473 7080.00 13.68 5.40 3.93
474 7095.00 13.67 5.39 3.92
475 7110.00 13.67 5.39 3.92
476 7125.00 13.66 5.38 3.92
477 7140.00 13.66 5.38 3.92
478 7155.00 13.65 5.37 3.92
479 7170.00 13.65 5.37 3.92
480 7185.00 13.64 5.36 3.91
481 7200.00 13.63 5.35 3.91
482 7215.00 13.63 5.35 3.91
483 7230.00 13.63 5.35 3.91
484 7245.00 13.62 5.34 3.90
485 7260.00 13.61 5.33 3.90
486 7275.00 13.60 5.32 3.89
487 7290.00 13.60 5.32 3.89
488 7305.00 13.59 5.31 3.89
489 7320.00 13.58 5.30 3.88
490 7335.00 13.58 5.30 3.88
491 7350.00 13.57 5.29 3.88
492 7365.00 13.57 5.29 3.88
493 7380.00 13.56 5.28 3.87
494 7395.00 13.55 5.27 3.87
495 7410.00 13.54 5.26 3.86
496 7425.00 13.53 5.25 3.86
497 7440.00 13.52 5.24 3.85
498 7455.00 13.52 5.24 3.85
499 7470.00 13.51 5.23 3.85
500 7485.00 13.51 5.23 3.85

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

501 7500.00 13.51 5.23 3.85
502 7515.00 13.50 5.22 3.85
503 7530.00 13.50 5.22 3.85
504 7545.00 13.50 5.22 3.85
505 7560.00 13.49 5.21 3.84
506 7575.00 13.49 5.21 3.84
507 7590.00 13.48 5.20 3.84
508 7605.00 13.48 5.20 3.84
509 7620.00 13.47 5.19 3.83
510 7635.00 13.46 5.18 3.83
511 7650.00 13.46 5.18 3.83
512 7665.00 13.46 5.18 3.83
513 7680.00 13.45 5.17 3.82
514 7695.00 13.44 5.16 3.82
515 7710.00 13.44 5.16 3.82
516 7725.00 13.44 5.16 3.82
517 7740.00 13.43 5.15 3.81
518 7755.00 13.43 5.15 3.81
519 7770.00 13.42 5.14 3.81
520 7785.00 13.41 5.13 3.80
521 7800.00 13.40 5.12 3.80
522 7815.00 13.40 5.12 3.80
523 7830.00 13.38 5.10 3.79
524 7845.00 13.37 5.09 3.78
525 7860.00 13.37 5.09 3.78
526 7875.00 13.36 5.08 3.78
527 7890.00 13.34 5.06 3.77
528 7905.00 13.34 5.06 3.77
529 7920.00 13.33 5.05 3.76
530 7935.00 13.32 5.04 3.76
531 7950.00 13.31 5.03 3.75
532 7965.00 13.30 5.02 3.75
533 7980.00 13.29 5.01 3.74
534 7995.00 13.28 5.00 3.74
535 8010.00 13.28 5.00 3.74
536 8025.00 13.27 4.99 3.73
537 8040.00 13.26 4.98 3.73
538 8055.00 13.25 4.97 3.72
539 8070.00 13.24 4.96 3.72
540 8085.00 13.24 4.96 3.72
541 8100.00 13.23 4.95 3.71
542 8115.00 13.22 4.94 3.71
543 8130.00 13.21 4.93 3.70
544 8145.00 13.20 4.92 3.70
545 8160.00 13.19 4.91 3.69
546 8175.00 13.18 4.90 3.69
547 8190.00 13.17 4.89 3.68
548 8205.00 13.16 4.88 3.68
549 8220.00 13.15 4.87 3.67
550 8235.00 13.13 4.85 3.66

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

551 8250.00 13.12 4.84 3.66
552 8265.00 13.12 4.84 3.66
553 8280.00 13.11 4.83 3.65
554 8295.00 13.10 4.82 3.65
555 8310.00 13.09 4.81 3.64
556 8325.00 13.09 4.81 3.64
557 8340.00 13.08 4.80 3.64
558 8355.00 13.07 4.79 3.63
559 8370.00 13.06 4.78 3.63
560 8385.00 13.05 4.77 3.62
561 8400.00 13.04 4.76 3.62
562 8415.00 13.02 4.74 3.61
563 8430.00 13.02 4.74 3.61
564 8445.00 13.01 4.73 3.60
565 8460.00 13.00 4.72 3.60
566 8475.00 12.99 4.71 3.59
567 8490.00 12.97 4.69 3.58
568 8505.00 12.96 4.68 3.57
569 8520.00 12.94 4.66 3.56
570 8535.00 12.93 4.65 3.56
571 8550.00 12.92 4.64 3.55
572 8565.00 12.91 4.63 3.55
573 8580.00 12.89 4.61 3.54
574 8595.00 12.87 4.59 3.53
575 8610.00 12.86 4.58 3.52
576 8625.00 12.85 4.57 3.52
577 8640.00 12.84 4.56 3.51
578 8655.00 12.82 4.54 3.50
579 8670.00 12.80 4.52 3.49
580 8685.00 12.79 4.51 3.48
581 8700.00 12.77 4.49 3.47
582 8715.00 12.76 4.48 3.47
583 8730.00 12.74 4.46 3.46
584 8745.00 12.73 4.45 3.45
585 8760.00 12.71 4.43 3.44
586 8775.00 12.70 4.42 3.43
587 8790.00 12.69 4.41 3.43
588 8805.00 12.67 4.39 3.42
589 8820.00 12.66 4.38 3.41
590 8835.00 12.65 4.37 3.41
591 8850.00 12.63 4.35 3.40
592 8865.00 12.62 4.34 3.39
593 8880.00 12.61 4.33 3.38
594 8895.00 12.60 4.32 3.38
595 8910.00 12.59 4.31 3.37
596 8925.00 12.58 4.30 3.37
597 8940.00 12.57 4.29 3.36
598 8955.00 12.56 4.28 3.36
599 8970.00 12.55 4.27 3.35
600 8985.00 12.54 4.26 3.34

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

601 9000.00 12.53 4.25 3.34
602 9015.00 12.52 4.24 3.33
603 9030.00 12.51 4.23 3.33
604 9045.00 12.50 4.22 3.32
605 9060.00 12.49 4.21 3.32
606 9075.00 12.48 4.20 3.31
607 9090.00 12.47 4.19 3.30
608 9105.00 12.46 4.18 3.30
609 9120.00 12.45 4.17 3.29
610 9135.00 12.44 4.16 3.29
611 9150.00 12.42 4.14 3.28
612 9165.00 12.40 4.12 3.26
613 9180.00 12.40 4.12 3.26
614 9195.00 12.40 4.12 3.26
615 9210.00 12.39 4.11 3.26
616 9225.00 12.39 4.11 3.26
617 9240.00 12.38 4.10 3.25
618 9255.00 12.38 4.10 3.25
619 9270.00 12.37 4.09 3.25
620 9285.00 12.36 4.08 3.24
621 9300.00 12.35 4.07 3.23
622 9315.00 12.34 4.06 3.23
623 9330.00 12.33 4.05 3.22
624 9345.00 12.32 4.04 3.22
625 9360.00 12.30 4.02 3.20
626 9375.00 12.29 4.01 3.20
627 9390.00 12.27 3.99 3.19
628 9405.00 12.26 3.98 3.18
629 9420.00 12.25 3.97 3.17
630 9435.00 12.24 3.96 3.17
631 9450.00 12.23 3.95 3.16
632 9465.00 12.22 3.94 3.16
633 9480.00 12.21 3.93 3.15
634 9495.00 12.20 3.92 3.14
635 9510.00 12.19 3.91 3.14
636 9525.00 12.18 3.90 3.13
637 9540.00 12.17 3.89 3.13
638 9555.00 12.16 3.88 3.12
639 9570.00 12.15 3.87 3.11
640 9585.00 12.13 3.85 3.10
641 9600.00 12.12 3.84 3.10
642 9615.00 12.11 3.83 3.09
643 9630.00 12.10 3.82 3.08
644 9645.00 12.08 3.80 3.07
645 9660.00 12.07 3.79 3.07
646 9675.00 12.06 3.78 3.06
647 9690.00 12.05 3.77 3.05
648 9705.00 12.04 3.76 3.05
649 9720.00 12.04 3.76 3.05
650 9735.00 12.04 3.76 3.05

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum



Date: 04.08.2006 Page 15

Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

651 9750.00 12.04 3.76 3.05
652 9765.00 12.03 3.75 3.04
653 9780.00 12.02 3.74 3.03
654 9795.00 12.01 3.73 3.03
655 9810.00 12.01 3.73 3.03
656 9825.00 12.02 3.74 3.03
657 9840.00 12.01 3.73 3.03
658 9855.00 12.00 3.72 3.02
659 9870.00 11.99 3.71 3.02
660 9885.00 11.98 3.70 3.01
661 9900.00 11.96 3.68 3.00
662 9915.00 11.95 3.67 2.99
663 9930.00 11.95 3.67 2.99
664 9945.00 11.93 3.65 2.98
665 9960.00 11.92 3.64 2.97
666 9975.00 11.92 3.64 2.97
667 9990.00 11.90 3.62 2.96
668 10005.00 11.90 3.62 2.96
669 10020.00 11.91 3.63 2.97
670 10035.00 11.70 3.42 2.83
671 10050.00 11.58 3.30 2.75
672 10065.00 11.49 3.21 2.69
673 10080.00 11.38 3.10 2.62
674 10095.00 11.27 2.99 2.54
675 10110.00 11.16 2.88 2.46
676 10125.00 11.07 2.79 2.40
677 10140.00 10.98 2.70 2.33
678 10155.00 10.90 2.62 2.27
679 10170.00 10.83 2.55 2.22
680 10185.00 10.76 2.48 2.17
681 10200.00 10.74 2.46 2.15
682 10215.00 10.82 2.54 2.21
683 10230.00 10.83 2.55 2.22
684 10245.00 10.85 2.57 2.24
685 10260.00 10.86 2.58 2.24
686 10275.00 10.87 2.59 2.25
687 10290.00 10.89 2.61 2.27
688 10305.00 10.90 2.62 2.27
689 10320.00 10.91 2.63 2.28
690 10335.00 10.91 2.63 2.28
691 10350.00 10.92 2.64 2.29
692 10365.00 10.92 2.64 2.29
693 10380.00 10.93 2.65 2.30
694 10395.00 10.94 2.66 2.30
695 10410.00 10.96 2.68 2.32
696 10425.00 10.76 2.48 2.17
697 10440.00 10.67 2.39 2.10
698 10455.00 10.62 2.34 2.06
699 10470.00 10.55 2.27 2.01
700 10485.00 10.48 2.20 1.96

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

701 10500.00 10.42 2.14 1.91
702 10515.00 10.37 2.09 1.87
703 10530.00 10.31 2.03 1.82
704 10545.00 10.26 1.98 1.78
705 10560.00 10.21 1.93 1.74
706 10575.00 10.16 1.88 1.70
707 10590.00 10.12 1.84 1.67
708 10605.00 10.08 1.80 1.64
709 10620.00 10.05 1.77 1.61
710 10635.00 10.08 1.80 1.64
711 10650.00 10.11 1.83 1.66
712 10665.00 10.13 1.85 1.68
713 10680.00 10.15 1.87 1.69
714 10695.00 10.17 1.89 1.71
715 10710.00 10.18 1.90 1.72
716 10725.00 10.18 1.90 1.72
717 10740.00 10.20 1.92 1.73
718 10755.00 10.21 1.93 1.74
719 10770.00 10.22 1.94 1.75
720 10785.00 10.24 1.96 1.77
721 10800.00 10.25 1.97 1.77
722 10815.00 10.27 1.99 1.79
723 10830.00 10.29 2.01 1.81
724 10845.00 10.30 2.02 1.81
725 10860.00 10.32 2.04 1.83
726 10875.00 10.32 2.04 1.83
727 10890.00 10.33 2.05 1.84
728 10905.00 10.34 2.06 1.85
729 10920.00 10.35 2.07 1.85
730 10935.00 10.36 2.08 1.86
731 10950.00 10.36 2.08 1.86
732 10965.00 10.37 2.09 1.87
733 10980.00 10.38 2.10 1.88
734 10995.00 10.38 2.10 1.88
735 11010.00 10.38 2.10 1.88
736 11025.00 10.40 2.12 1.89
737 11040.00 10.40 2.12 1.89
738 11055.00 10.42 2.14 1.91
739 11070.00 10.42 2.14 1.91
740 11085.00 10.43 2.15 1.92
741 11100.00 10.44 2.16 1.92
742 11115.00 10.44 2.16 1.92
743 11130.00 10.44 2.16 1.92
744 11145.00 10.45 2.17 1.93
745 11160.00 10.45 2.17 1.93
746 11175.00 10.46 2.18 1.94
747 11190.00 10.47 2.19 1.95
748 11205.00 10.47 2.19 1.95
749 11220.00 10.48 2.20 1.96
750 11235.00 10.48 2.20 1.96

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Project: ECC

Evaluated by: WAW

Pumping Test No. HS2C

HS2C

Test conducted on: 7/27/2006

ENVIRON International Corp.
5401 Veterans Memorial Prkwy.
St. Peters, Missouri  63376

ph.(636)498-4447

Pumping test analysis
Recovery method after
THEIS & JACOB
Unconfined aquifer

Discharge 0.50 U.S.gal/min

Pumping test duration: 3010.20 min

751 11250.00 10.49 2.21 1.96
752 11265.00 10.49 2.21 1.96
753 11280.00 10.50 2.22 1.97
754 11295.00 10.50 2.22 1.97
755 11310.00 10.50 2.22 1.97
756 11325.00 10.50 2.22 1.97
757 11340.00 10.50 2.22 1.97
758 11355.00 10.51 2.23 1.98
759 11370.00 10.50 2.22 1.97
760 11385.00 10.50 2.22 1.97
761 11400.00 10.50 2.22 1.97
762 11415.00 10.50 2.22 1.97
763 11430.00 10.51 2.23 1.98
764 11445.00 10.50 2.22 1.97

Time from
end of pumping 

[min]

Water level

[ft]

Residual
drawdown

[ft]

Corrected
drawdown

[ft]

HS2B

Static water level: 8.28 ft below datum
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Quality Assurance Project Plan 
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I.  GROUP A:  PROJECT MANAGEMENT 
 

This Quality Assurance Project Plan (QAPP) presents the organization, objectives, 
functional activities, and specific quality assurance/quality control (QA/QC) activities associated 
with the augmentation of the soil vapor extraction (SVE) system at the former Enviro-Chem (ECC) 
Superfund Site located in Zionsville, Indiana (the “ECC Site” or the “Site”).  This QAPP also 
describes the specific protocol that will be followed for sampling, sample handling and storage, 
chain-of-custody, and laboratory analysis.  All QA/QC procedures will be conducted in accordance 
with applicable professional technical standards, United States Environmental Protection Agency 
(USEPA) requirements and guidelines, and specific project goals and requirements. 

This QAPP has been prepared in accordance with USEPA guidance documents, specifically, 
EPA Requirements for Quality Assurance Project Plans, EPAQA/R-5 Interim Final (USEPA 1999) 
and Instructions on the Preparation of a Superfund Division Quality Assurance Project Plan, 
Region 5 (USEPA 2000).  This document is provided as Appendix H to the Design Report for the 
Augmentation of SVE System (the “Design Report”). 
 
A. Distribution List 

At a minimum, the following individuals will be provided with copies of the QAPP: 
 
• USEPA Region 5 Project Manager – Matthew Ohl; 
• Indiana Department of Environmental Management (IDEM) Project Manager – Bruce 

Hamilton; 
• Project Coordinator for Non-Premium Respondents – Ronald E. Hutchens, P.E. 

(ENVIRON International Corporation [ENVIRON]); 
• ENVIRON Field Activities Coordinator – Cynthia Bonczkiewicz, P.E.; 
• ENVIRON QA Director – Felix Moran, P.E.; 
• CompuChem Project Manager – Marlene Smith; 
• CompuChem QA Officer – Valgena Respass; 
• Air Toxics Project Manager – Brandon Dunmore; 
• Air Toxics QA Officer  – Melanie Levesque; 
• MAKuehl Company – Marcia Kuehl; and 
• Contractor (to be inserted following selection by the ECC Trust and approval by 

USEPA). 
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B. Project Organization 

On behalf of the ECC Site Trust Fund (the “Trust”), the Contractor or the Trust-appointed 
operations manger will have overall responsibility for the field activities and the quality of the 
work.  On behalf of the Trust, ENVIRON will provide on-site engineering oversight, project 
coordination, and implementation of certain sampling/monitoring activities associated with the 
Attachment Z-1 Remedy.  Fixed-base laboratory analyses for the soil and water samples will be 
performed by CompuChem Laboratories.  Laboratory analysis of soil vapor samples will be 
performed by Air Toxics.  Independent data validation will be performed by MAKuehl Company.  
The various QA and management responsibilities of key project personnel are defined below.  A 
generalized Project Organization Chart is included as Figure H-1. 

 
1. Management Responsibilities 

• USEPA Project Manager – The USEPA Remedial Project Manager, Matthew 
Ohl, has the overall responsibility for USEPA regulatory oversight of all 
phases of the Attachment Z-1 Remedy.  The USEPA Remedial Project 
Manager will be responsible for reviewing and approving the QAPP. 

 
• IDEM Project Manager – The IDEM Project Manager, Bruce Hamilton, has 

the overall responsibility for IDEM regulatory oversight of all phases of the 
Attachment Z-1 Remedy. 

 
• Project Coordinator for Non-Premium Respondents – Ronald E. Hutchens, 

P.E., ENVIRON, has overall responsibility for ensuring the quality of work 
described in the Design Report, on behalf of the ECC Trust.  Mr. Hutchens 
will have overall responsibility for: 

 
− Establishing project policy and procedures to address the specific needs 

of the project as a whole, as well as the objectives of each task in 
cooperation with the Trust;  

 
− Developing and meeting ongoing project and/or task staffing 

requirements for the Trust’s monitoring/sampling activities, including 
mechanisms to review and evaluate each task product; 
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− Reviewing the work performed by the Contractor to ensure its quality, 
responsiveness, and timeliness; 

 
− Approving all external reports (deliverables) before their submission to 

USEPA Region 5 and IDEM;  
 
− Ensuring the preparation and quality of monthly progress reports and 

draft and final Design Reports; 
 
− Orienting the Contractor, field staff, and support staff concerning the 

project’s special considerations; and 
 
− Monitoring and directing ENVIRON’s design and monitoring teams. 

 
• Project Manager for Contractor – (Name and company to be inserted 

following selection by the Trust and approval by USEPA).  The Project 
Manager for the Contractor has overall responsibility for ensuring the quality 
of construction and operations and maintenance (O&M) work performed on 
behalf of the Trust.  Some sampling/analytical activities will be the 
responsibility of the Contractor also.  O&M work may be subcontracted by 
the Contractor or contracted directly with the Trust. 

 
2. Quality Assurance Responsibilities 

• USEPA Quality Assurance Reviewer – The USEPA will designate a reviewer 
for this QAPP upon submittal.  The reviewer will check the QAPP for 
compliance with current EPA requirements and provide comments regarding 
any differences or approval for use of the document for the subject project. 

 
• ENVIRON QA Director – The ENVIRON QA Director is Felix Moran, P.E.  

The QA Director will remain independent of direct job involvement and day-
to-day operations, and have direct access to project staff, as necessary, to 
resolve any QA dispute.  The QA Director will be responsible for auditing 
the implementation of the QA program in conformance with the demands of 
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specific investigations, ENVIRON’s policies, and USEPA/IDEM 
requirements.  Specific functions and duties include: 

 
− Reviewing and approving QA plans and procedures; 
− Performing QA audits on various phases of the field operations; 
− Providing QA technical assistance to project staff; and 
− Reporting on the adequacy, status, and effectiveness of the QA program 

on a regular basis to the ENVIRON Project Coordinator. 
 

• CompuChem and Air Toxics Laboratory QA Officers – The Laboratory QA 
Officers will:  

  
− Oversee laboratory QA; 
− Oversee laboratory QA/QC documentation; 
− Oversee detailed laboratory data review; 
− Decide laboratory corrective actions, if required; 
− Present technical laboratory QA procedures; and 
− Ensure that the laboratory protocols specified in this QAPP are followed. 

 
3. Laboratory Responsibilities 

• CompuChem and Air Toxics Laboratory Project Managers – The Laboratory 
Project Managers will: 

 
− Coordinate laboratory analyses, 
− Supervise in-house chain-of-custody, 
− Oversee laboratory data review, 
− Oversee preparation of analytical reports, and 
− Approve final analytical reports prior to submittal to ENVIRON. 

 
• Independent Laboratory Data Validation – Data validation will be provided 

by MAKuehl Company of Green Bay, Wisconsin or approved alternate data 
validation firm.   
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The primary responsibility for project quality rests with the Project Coordinator.  
Independent QA will be provided by the laboratory Project Managers and the QA Director prior to 
the release of data packages. 
 

4. Field Responsibilities 
• ENVIRON Field Activities Coordinator – ENVIRON Field Activities 

Coordinator, Cynthia Bonczkiewicz, P.E., will be supported by the technical 
and field staff from ENVIRON and other firms, as needed.  The Field 
Activities Coordinator will be responsible for leading and coordinating the 
day-to-day activities of the various resource specialists under ENVIRON’s 
supervision and will report directly to the ENVIRON Project Coordinator.  
Specific Field Activities Coordinator responsibilities include: 

 
− Coordination of Contractor or specialty contractors in the implementation 

of field-related plans, and adherence to management-developed 
requirements; 

 
− Coordination and management of ENVIRON field staff, including 

sampling and subcontractors; 
 
− Implementation of QC for technical data provided by the ENVIRON field 

staff, including field measurement data; 
 
− Review of data from ENVIRON’s field team efforts; and 
 
− Identification of problems at the field team level, discussion of 

resolutions with the Project Coordinator, and provision of communication 
between project team members and upper management. 

 
C. Problem Definition/Background 

 
1. Site/Facility History 

The ECC Site is located in Boone County, north of Zionsville, Indiana, 
approximately 10 miles northwest of Indianapolis, in an area that is primarily agricultural 
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but that also contains some areas of commercial and industrial land use.  There are no 
current operations at the ECC Site.  Storage and/or disposal operations have not been 
conducted since approximately 1983.   

Between 1987 and 1990, field investigations of the Site were conducted by 
Environmental Resources Management-North Central, Inc. (ERM-North Central), on behalf 
of the ECC Potentially Responsible Parties, and CH2M Hill.  The results of the soil and 
ground water investigations indicated that the primary significant chemical constituents 
found at the ECC Site are chlorinated volatile organic compounds (VOCs).  Remediation 
activities, including excavation of the Southern Concrete Pad area and installation of a SVE 
system on the North and Central Treatment Areas, were conducted from 1997 through 2000. 

As presently configured, the SVE system that has been installed at the ECC Site has 
not achieved the subsurface water cleanup standards in the till, which are set forth in  
Table 3-1 to Revised Exhibit A (included in the attached Design Report as Table 2-1).  
USEPA and IDEM are concerned that failure to achieve those cleanup standards may, over 
time, have an adverse effect on water quality in Unnamed Ditch, which is located adjacent to 
the eastern portion of the Site.  For that reason, Revised Exhibit A, the Consent Decree, and 
the amended Record of Decision1 (ROD) provide for specific Additional Work to be 
performed if USEPA determines that those standards were not met within a 5-year period, 
unless the parties agree otherwise. 

These standards were not met within the 5-year period provided in the Consent 
Decree.  The agreed modifications to the “Additional Work” provisions of Revised Exhibit 
A and the Consent Decree were presented in Attachment Z-1.   

  
2. Project Description 

The Attachment Z-1 Remedy includes an augmented soil vapor extraction (SVE) 
system that augments the existing SVE system by installing additional SVE trenches 
generally along the alignment of a ground water collection trench previously required as 
Additional Work in Revised Exhibit A to the Consent Decree.  The new SVE trenches will 
be connected to the existing SVE system and will be operated using all of the basic 
operations of the existing SVE system equipment.  In order to provide additional protection 
to Unnamed Ditch, the Attachment Z-1 Remedy also includes a perimeter thin barrier 
curtain wall (TBCW), which was constructed in May 2006, and a permeable reactive gate 
system (PRGS).  The Attachment Z-1 Remedy enhances and replaces the water interception 

 
1 The original ROD for the Site was issued in September 1987, and the Amended ROD was issued in June 1991. 
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trench originally required as the Additional Work in Revised Exhibit A.  The Attachment  
Z-1 work will be conducted under the Additional Work provisions of the Consent Decree, as 
amended.   

After construction of the augmented SVE trenches and the PRGS is completed, there 
will be several distinct phases for the operation of the modified Additional Work.  The 
activities will be different for each period.  The periods and the associated activities are as 
follows: 

 
• Active Phase.  This is defined as the period of operation of the augmented SVE 

trench system. 
 
• Phase I Monitoring.  This is defined as the 1-year period beginning when the 

Soil Vapor Standards have been achieved in the augmented SVE trenches.  At 
the completion of the Phase I Monitoring period, Phase II Long-Term 
Monitoring will begin at the Site. 

 
• Phase II Long-Term Monitoring.  This is defined as the period following the 

completion of Phase I Monitoring.  It is divided into Phase II(a) and Phase II(b). 
 
D. Project/Task Description and Schedule 
 

1 Project Objectives 
Augmented SVE system activities will be conducted to alleviate the potential and 

actual threats to human health and the environment posed by the hazardous substances at the 
ECC Site.  As presently configured, the SVE system that has been installed at the ECC Site 
has not achieved the subsurface water cleanup standards in the till set forth in Table 3-1 to 
Revised Exhibit A (included in the attached Design Report as Table 2-1).  The Consent 
Decree and the amended ROD provide for specific Additional Work to be performed.  The 
objective of this Attachment Z-1 Remedy is to meet the standards referenced above.   

 
2. Project Target Parameters and Intended Data Usages 

Sample matrices and analytical parameters are presented in Table H-1.  The field 
parameters are basic water quality parameters to be obtained during water and soil gas 
sampling conducted during and following augmented SVE system operations.     
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Field Parameters 
The field parameters to be measured include screening of stockpiled soils excavated 
from the augmented SVE trenches or organic vapors using a photoionization detector 
(PID), analysis of extracted soil vapors for total organic compounds using a 
continuous vapor analyzer, certain field tests to confirm biopolymer breakdown, and 
field parameters measured from various water samples.   

 
Laboratory Parameters 
The analytical parameters and methods to be followed for all sampling activities are 
presented in Table H-1.  Method detection limits (MDLs) and/or reporting limits 
(RLs)/instrument detection limits (IDLs) are provided in Tables E-2, E-3, E-4, and 
E-5.  

 
3. Project Schedule 

A preliminary work schedule will be submitted as a Contractor Submittal.  The 
actual time to implement the Attachment Z-1 Remedy may vary, depending on changes in 
scope, USEPA review periods, or other factors.  The project schedule will be revised 
accordingly throughout the project.  The actual date of project mobilization is dependent on 
USEPA approval of the Design Report and submittal of Contractor Submittals. 

 
E. Quality Objectives and Criteria for Measurement Data 

The overall QA objective is to develop and implement procedures for field sampling, chain 
of custody, laboratory analysis, and reporting that will provide high quality results, and which are 
legally defensible in a court of law.  Specific procedures for sampling, chain of custody, laboratory 
instrument calibration, laboratory analysis, reporting of data, internal QC, audits, preventive 
maintenance of field equipment, and corrective action are described in other sections of this QAPP.  
The purpose of this section is to address the specific objectives for accuracy, precision, 
completeness, representativeness, and comparability. 

The fundamental QA objective with respect to accuracy, precision, and sensitivity of 
laboratory analytical data is to achieve the QC acceptance criteria of the analytical protocols.  
Standard Operating Procedures (SOPs) for laboratory analyses are provided in Attachment H-1 (soil 
and ground water) and Attachment H-2 (soil vapor and air).  The SOPs address the required 
accuracy, precision, and sensitivity of the analyses.  The SOPs also provide the laboratory analytical 
sensitivity requirements for the analytical methods and parameters. 
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1. Data Quality Objectives (DQOs) Process 
DQOs are qualitative and quantitative statements that clearly state the objective of a 

proposed project, define the most appropriate type of data to collect, determine the most 
appropriate conditions for data collections, and specify acceptable decision error limits that 
establish the quantity and quality of data needed for decision making.  The DQO process is 
described in a series of seven sequential steps: Step 1: Stating the Problem; Step 2: 
Identifying the Decisions; Step 3: Identifying Inputs to the Decisions; Step 4: Defining the 
Boundaries of the Study; Step 5: Developing a Decision Rule; Step 6: Specifying Limits on 
Decision Errors; and Step 7: Optimizing the Design.  The DQO process is discussed below, 
including applicable aspects of the data collection activities associated with the Attachment 
Z-1 Remedy.  Certain information contained in other portions of the Design Report is 
included by reference.  

 
Step 1: Stating the Problem
In general, the augmented SVE system is being installed to reduce contamination levels in 
subsurface till water by removing contaminants using SVE until the soil vapors meet the 
site-specific Soil Vapor Standards provided in Table 2-2 of the Design Report.  A thin 
barrier curtain wall (TBCW) and associated piezometers are already installed.  The 
remaining work includes: (1) construction of seven augmented SVE trenches; (2) dewatering 
of the trenches; (3) operation of the augmented SVE system; (4) soil vapor sampling, as 
necessary, to confirm completion of augmented SVE activities; (5) sampling of subsurface 
water; (6) augmented SVE trench water; and (7) surface water to confirm compliance with 
the Acceptable Stream Concentrations.  In addition, excavated soils will be sampled to 
determine whether on-site treatment, as set forth on Figure 2-1 of the Design Report, is 
necessary.  Other data gathering will involve a dewatering test during the Construction 
Phase. 
 
The roles and responsibilities of all key management, QA, laboratory and field personnel are 
provided in Section I.B above.  The DQOs for the project have been developed by 
ENVIRON personnel (the “scoping team”) under the direction of the ENVIRON Project 
Coordinator for the ECC Trust.  The DQOs are based on the USEPA-approved ECC Site 
Acceptable Concentrations contained in Table Z-1-1 of Attachment Z-1, which is included 
as Table 2-1 of the Design Report.   
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Step 2: Identifying the Decisions   
Field observations will confirm that the design plans are effectively carried out.  Field 
sampling will confirm the effectiveness of the design and/or remedial activities.  The criteria 
for moving from the Active Phase to the Phase I Monitoring Phase and then the Phase II 
Long-Term Monitoring Phase are described in the Design Report.  The results of the soil 
vapor sampling activities will determine the start of Phase I Monitoring Phase.  The results 
of surface and monitoring well water analyses will determine the start of the Phase II Long-
Term Monitoring Phase.  
  
The following is a summary of the decisions to be made for each environmental sampling 
activity: 

 
• Confirmation of End of Active Phase.  The augmented SVE system will be 

operated until the vapor concentrations in all augmented SVE trenches are less than 
the Soil Vapor Standards.  When the results of analyses of the combined soil vapor 
sample collected from two consecutive restart spikes conducted two weeks apart 
show that the concentrations meet the Site-Specific Acceptable Concentrations, a 
water sample will be collected from the augmented SVE system.  If the water sample 
meets the Acceptable Stream Concentrations, the operation of the augmented SVE 
system will be terminated.   

 
• Completion of Phase I Monitoring.  At the end of the 1-year Phase I Monitoring 

period, the water level and ground water concentration data from the designated 
piezometers/monitoring wells will be evaluated.  If the ground water and surface 
water meet the Acceptable Stream Concentrations and the TBCW is performing as 
designed, Phase I Monitoring will be considered complete. 

 
• Phase II Monitoring.  The first two years (Phase II (a)) will include quarterly 

sampling/analysis of water from the individual trench segments and selected sand 
and gravel wells and water level monitoring.  If the subsurface and surface water 
meets the Acceptable Stream Concentrations after 2 years, Phase II(a) is complete.  
Phase II(b) Long-Term Monitoring will include annual maintenance of the 
permeable reactive gate system (PRGS) system and monitoring of the PRGS 
effluent.  This will continue until the USEPA, in consultation with IDEM, agrees to 
suspend the requirement. 

  E N V I R O N 



 ECC 
 QAPP:  Revision 2 
 Revision Date:  6/2007 
 Section I 
 Page 11 of 17  
 
 

Step 3: Identifying Inputs to the Decisions 
The types of information that will be used as input to the decision consists of: (1) the Design 
Report; (2) Attachment Z-1; (3) data generated from field analysis of soil, soil vapor, and 
ground water; (4) analytical data generated from laboratory analysis of soil vapor, ground 
water and surface water; and (5) on-site instrumentation and field observations of the 
dewatering/SVE activities (pressure gauges, flow meters, etc.).   
 
Field data that will be used as input to the decisions include the following: 

 
• TBCW piezometer water levels, 
• Pumping rate and water level data from initial trench segment dewatering tests, 

and 
• Ground water and surface water analysis results. 

 
Step 4: Defining the Boundaries of the Study 
The general spatial boundaries of the Attachment Z-1 Remedy include the ECC property 
boundaries and Unnamed Ditch, which is adjacent to the ECC Site.  Attachment  
Z-1 Remedy activities will be limited to the east, south, and southwest sides of the Site.  
Ground water samples will be collected from the designated monitoring wells (on site) and 
the PRGS (on site).  Surface water samples will be taken from Unnamed Ditch just east and 
south of the Site (i.e., at off-site locations). 
 
At this time, no temporal boundaries that could affect the decision are anticipated.  With the 
possible exception of meteorological conditions, which could affect the timing or methods 
of sample sample collection activities, and site access needs, no practical constraints on data 
collection are envisioned. 

 
Step 5: Developing a Decision Rule 
The purpose of developing a decision rule is to integrate the output from previous steps of 
the DQO process into a statement that defines the parameter of interest; delineates the scale 
of decision making; specifies the action level; and describes the logical basis for choosing 
among alternative actions.  The output from this step is an “if…then…” statement that 
defines the conditions that would cause the decision maker to choose among alternative 
courses of action.  All decision rules are based on meeting the action levels approved in 
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Attachment Z-1.  Decision rules for each stage of the Attachment Z-1 Remedy that is 
impacted by environmental sampling and analysis, including alternative actions, are 
discussed in the Design Report.  

 
Step 6: Specifying the Limits on Decision Errors 
The Design Report and the sampling and analysis program discussed in the Addendum to 
the Field Sampling Plan provide procedures for obtaining Site data.  Corrective actions may 
be considered during implementation of the Attachment Z-1 Remedy, if suspect or 
questionable laboratory or field data are identified through QA/QC reviews. 

 
As stated in the IDEM RISC Technical Guide, a Type I Decision Error occurs when the Null 
Hypothesis is rejected when it is true (False Positive), and Type II Decision Error occurs 
when the Null Hypothesis is not rejected when it is false (False Negative).  In the IDEM 
RISC Technical Guide, the Null Hypothesis is defined as the theory to be tested.  For 
environmental evaluations, the Null Hypothesis is generally that the site is contaminated.  
However, for the subject Attachment Z-1 Remedy, the Null Hypothesis is that the relevant 
Acceptable Concentrations have been achieved through implementation of the ASVES.  A 
decision/goal diagram is attached as Figure H-2. 

 
As discussed in the Design Report, each phase of the Attachment Z-1 Remedy requires the 
achievement of an Acceptable Concentration for the respective corrective action phase.  
Therefore, while Type I errors may exist at some point during implementation of the work, 
only Type II errors (False Negatives) are relevant to the decision making process (e.g., the 
hypothesis that action levels have been achieved based on sampling data is in fact false).  
Sampling design error and measurement error will be minimized through such practices as: 
multiple confirmation sampling events (two augmented SVE system restart tests), field and 
laboratory QA/QC practices, field audits, and data validation.  Statistical tests recommended 
in the RISC Technical Guide limit Type II decision errors to at least a 25% probability.  This 
decision error limit is appropriate for all Attachment Z-1 Remedy sampling and analysis 
activities. 
 
Step 7: Optimizing the Design 
The design of the field activities will be evaluated during the finalization of the Design 
Report, as well as during the implementation, operations, and monitoring phases of the 
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Attachment Z-1 Remedy.  Proposed revisions will be submitted, in writing, to the USEPA 
for approval. 
 
2. Precision 
 

Definition 
Precision refers to how closely two or more measurements of the same parameter or 
property agree with each other.  Chemical concentration data obtained from the 
analyses of field duplicate and matrix spike duplicate samples will be compared to 
evaluate analytic precision.  Field precision will also be determined by the collection 
of duplicate PID and any other field screening measurements. 

 
Field Precision Objectives 
Duplicate air, surface water, and ground water samples will be collected in the field.  
The project goal is to collect 1 duplicate per 10 samples during the 
monitoring/confirmation sampling.  Section II.E of this Plan describes duplicate 
collection techniques and review.  QA objectives for field parameters are presented 
in Table H-6. 

 
Laboratory Precision Objectives 
Measurement of precision is mathematically defined for laboratory analysis in 
Section IV.A of this QAPP.  Project QA objectives for laboratory parameters are as 
presented in the laboratory SOPs contained in Attachments H-1 and H-2. 

 
3. Accuracy 

 
Definition 
Accuracy is the degree of agreement between an observed value and an accepted 
reference value. 

 
Field Accuracy Objectives 
The accuracy of the field data will be maintained by ensuring that instruments are in 
good working condition and properly calibrated.  Each piece of equipment will have 
a unique serial number for tracking during field use, calibration, and maintenance.  
Team members will be familiar with the field calibration, operations, and 
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maintenance of the equipment.  They will maintain proficiency in equipment 
operation, perform the prescribed field operating and calibration procedures outlined 
in the equipment manuals for each respective instrument, and keep records of all 
field instrument calibrations and field checks in logbooks.  The accuracy of the PID 
field screening and ground water field parameter measurements will be evaluated in 
conjunction with the instrument calibration records to ensure the highest possible 
accuracy.  Accuracy in the field will also be assessed through the use of equipment 
rinse and trip blanks as discussed in Section IV.A of this QAPP and through 
adherence to all sample handling, preservation, and holding time requirements.  QA 
objectives for field parameters are presented in Table H-6. 

 
Laboratory Accuracy Objectives 
Laboratory accuracy is mathematically defined in Section IV.A of this QAPP.  These 
are updated annually based on the laboratory performance data from the previous 
year.  Project Accuracy control limits are as provided in the laboratory SOPs in 
Attachments H-1 and H-2. 

 
4. Completeness 

 
Definition 
Completeness is a measure of the percentage of valid data obtained from a 
measurement system compared to the amount that was expected to be obtained under 
normal conditions. 
 
Field Completeness Objectives 
Field completeness is a measure of the amount of valid measurements obtained.  The 
equation for completeness is provided in Section IV.A of this QAPP.  Field 
completeness for this project will be greater than 90%.   

 
Laboratory Completeness Objectives 
Laboratory completeness is a measure of the percentage of valid measurements 
obtained.  The equation for completeness is presented in Section IV.A of this QAPP.  
Laboratory completeness for this project will be greater than 90%. 
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5. Representativeness 
 

Definition 
Representativeness expresses the degree to which data accurately and precisely 
represents a characteristic of a population, parameter variations at a sampling point, a 
process condition, or an environmental condition.  Representativeness is a qualitative 
parameter, which is dependent on the proper design of the sampling program and 
proper laboratory protocol.  The sampling network was designed to provide data 
representative of facility conditions. 
 
Measures to Ensure Representativeness of Field Data 
Representativeness is a qualitative parameter, which is dependent on the proper 
design of the various monitoring programs and proper laboratory protocol.  The 
monitoring plans are designed to provide data representative of site conditions.  
Representativeness will be satisfied by requiring that the procedures detailed in the 
Addendum to the FSP are followed, proper sampling techniques are used, proper 
analytical procedures are followed, and holding times of the samples are not 
exceeded in the laboratory.  Representativeness will be ensured by the selection of 
proper well locations/depths and samples.  The well and sample locations are 
documented in the Addendum to the FSP. 

 
Measures to Ensure Representativeness of Laboratory Data 
Representativeness will be satisfied by ensuring that proper analytical procedures are 
followed and holding times of the samples are not exceeded in the laboratory.   

 
6. Comparability 

 
Definition 
Comparability expresses the confidence with which one data set can be compared 
with another.  To the extent that the data collection objectives and analytical methods 
are similar, data generated during previous field investigations are expected to be 
comparable to data that will be generated. 
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Measures to Ensure Comparability of Field Data 
Comparability is dependent on proper design of the sampling program and will be 
satisfied by ensuring that the Addendum to the FSP and this QAPP are followed.  
The methods used to collect field data will be consistent during the Attachment Z-1 
Remedy, thereby, ensuring comparability of field data. 

 
Measures to Ensure Comparability of Laboratory Data 
The extent to which existing and planned analytical data will be comparable depends 
on the similarity of the sampling and analytical methods as documented in this 
QAPP.  Comparability is also dependent on similar QA objectives.  The laboratories, 
sample collection methods, and the methods used to analyze samples will be 
consistent during all phases of the Attachment Z-1 Remedy, ensuring comparability 
of laboratory data. 

 
7. Level of Quality Control Effort 

Trip blank, field blank, field duplicate and matrix spike samples will be analyzed to 
assess the quality of the data resulting from the various monitoring programs implemented 
for this project.  Trip blanks will be submitted to the laboratories to provide the means to 
assess the quality of the data resulting from the program.  Trip blanks are used to assess the 
potential for contamination of samples due to contaminant migration during sample 
shipment and storage.  Field blanks are used to assess the effectiveness of equipment 
decontamination procedures.  Field duplicate samples are analyzed to check for sampling 
and analytical reproducibility.  Matrix spike/matrix spike duplicates (MS/MSDs) provide 
information about the effect of the sample matrix on the measurement methodology.  All 
matrix spikes are performed in duplicate and are hereinafter referred to as MS/MSD 
samples.   

One field duplicate will be collected for every 10 or fewer aqueous samples.  One 
MS/MSD will be collected for every 20 or fewer aqueous samples.  Aqueous MS/MSD 
samples must be collected at triple the volume for analysis.  One trip blank will be analyzed 
per shipment of aqueous samples.  One field equipment blank will be collected for every  
10 or fewer aqueous and soil vapor samples.  

The number of field duplicate samples, trip blank samples, field blank samples, and 
MS/MSDs to be collected is detailed in Table H-1.   
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F. Special Training/Certification 

No specialized training or certification beyond that typically required for this type of work 
(e.g., engineer or geologist for drilling, Occupational Safety and Health Act (OSHA) health and 
safety training, etc.) will be needed for the completion of this project.   
 
G. Documents and Records 

The Project Coordinator will be responsible for ensuring the appropriate project personnel 
have the most current approved version of the QAPP.  Any revisions to the QAPP will be circulated 
to the individuals listed in Section I.A. 

Detailed information concerning the field and laboratory reporting and recordkeeping 
procedures is provided in Section II.J.  The content of and reporting frequency for project QA 
reports is discussed in Section III.B. 

The final project file will be the central repository for all documents that constitute evidence 
relevant to sampling and analysis activities as described in this QAPP.  The Project Coordinator is 
custodian of the final project file and maintains the contents of evidence files, including all relevant 
records, reports, logs, field notebooks, pictures, subcontractor reports, and data reviews in a 
secured, limited access area and under custody of the Project Coordinator.  The final disposition 
schedule and location will be determined by the Project Coordinator during the Phase II(a) Long-
Term Monitoring period. 
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II.  GROUP B:  DATA GENERATION AND ACQUISITION 
 
A. Sampling Process Design 

The field sampling program is discussed in the Design Report and the Addendum to the 
FSP.  Table H-1 presents a summary of this information. 
 
B. Sampling Methods 
 

1. Sample Collection/Preparation Procedures 
The sample collection procedures are detailed in Section III of the Addendum to  

the FSP. 
 
2. Sample Containers, Preservatives, and Volume Requirements 

Requirements for sample containers, preservation and volume are summarized in 
Table H-7. 
 
3. Decontamination Procedures 

Decontamination procedures are described in Section III.J of the Addendum to  
 the FSP. 
 
4. Sample Packaging and Shipment Procedures 

As soon as sample labeling is completed, each soil or water sample will be placed in 
an insulated container (cooler) that contains sufficient ice to maintain the sample 
temperature between 4 degrees Celsius (oC) and 6 oC.  During each sampling task, samples 
will be shipped to the fixed-base laboratory at least every other working day.  The sample 
containers will be placed in ZipLocTM bags and then individually wrapped with cushioning 
material (e.g., bubble wrap).  The bottom of the insulated sample shipping container (cooler) 
will be lined with cushioning material (e.g. bubble wrap) to reduce the possibility of sample 
container breakage.  Sufficient ice will be placed in each cooler to maintain the temperature 
of the samples between 4 oC and 6 oC for the overnight shipment to the fixed-base 
laboratory.  Chain-of-custody procedures will be followed as described in Section II.C.  
Once the required chain-of-custody activities (forms, custody seals, etc.) have been 
performed, the shipping container will be additionally sealed with plastic shipping tape, and 
shipped via overnight courier for morning delivery to CompuChem Laboratories. 
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Soil vapor samples will be handled as listed above except that the Summa canisters 
will not be individually wrapped and no ice is required.  Soil vapor samples will be shipped 
to Air Toxics Laboratories. 

 
5. Field Corrective Action 

Corrective action in the field may be needed when the sample network is changed 
(e.g., more/fewer samples, sampling locations other than those specified in the QAPP, etc.) 
or when sampling procedures require modification due to unexpected conditions.  Field and 
technical staff will be responsible for reporting suspected technical or QA non-
conformances or suspected deficiencies of any field activity or issued document by reporting 
the situation to the ENVIRON Field Activities Coordinator, or designee.  The ENVIRON 
Field Activities Coordinator, or designee, will be responsible for assessing the suspected 
problems with ENVIRON activities in consultation with the Project Coordinator and/or QA 
Director.  A decision will be made based on the potential for the situation to impact the 
quality of the data.  The ENVIRON Field Activities Coordinator, or designee, will then be 
responsible for initiating corrective action for non-conformances by: 

 
• Evaluating all reported non-conformances, 
• Determining disposition or action to be taken, 
• Maintaining a log of non-conformances, 
• Reviewing non-conformance reports and corrective actions taken, 
• Maintaining a log of non-conformances and follow-up testing after corrective 

actions are complete, and 
• Verifying that non-conformance documentation is included in the project files. 

 
If appropriate, the Project Coordinator, or designee, will see that no additional work 

that is dependent on the non-conforming activity is performed until the corrective actions are 
completed. 

The ENVIRON Field Activities Coordinator, or designee, is responsible for 
controlling, tracking, and implementing the identified changes.  All significant changes will 
be reported by the Project Coordinator in the monthly progress reports submitted to USEPA. 

 
C. Sample Handling and Custody 

Custody is one of several factors that is necessary for the admissibility of environmental 
data as evidence in a court of law.  Custody procedures help to satisfy the two major requirements 
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for admissibility: relevance and authenticity.  Sample custody is addressed in three parts: (1) field 
sample collection, (2) laboratory analysis, and (3) final evidence files.  Final evidence files, 
including all originals of laboratory reports and purge files, are maintained under document control 
in a secure area. 

A sample or evidence file is under your custody if it is: 
 

• In your possession; 
• In your view, after being in your possession; 
• In your possession and you place it in a secured location; or 
• In your designated secure area. 

 
A chain-of-custody record is a record of all persons who have collected, relinquished, and/or 

received samples and the dates and times when these activities occurred.  Items that must be held 
under a chain of custody include samples, sample tags, airbills and a chain of custody record form.  
The chain of custody will be initiated in the field and will be maintained until delivered to the 
laboratory.  The laboratory is a restricted access facility with lockable cold storage.  Sample 
containers that are returned to the field or subcontracted shall initiate the chain-of-custody 
procedure again.   
 

1. Field Custody Procedures 
The sample packaging and shipment procedures, summarized below, will ensure that 

the samples will arrive at the laboratory with the chain of custody intact.  The protocol for 
specific sample labeling is included in Section III of the addendum to the FSP.  Examples of 
the Air Toxics and CompuChem chain of custody forms, sample labels, and custody seals 
are included in Attachment H-3. 

 
Field Procedures 
The field sampler is personally responsible for the care and custody of the samples 
until they are transferred or properly dispatched.  As few people as possible should 
handle the samples.  The following are basic sampling procedures: 

 
• All containers will be labeled with sample numbers and locations, date/time 

of collection, and type of analysis.  The sample numbering system is 
presented in Section III.I of the Addendum to the FSP. 
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• A sample label will be attached to each individual sample aliquot for each 
investigative QC sample.  The sample label will include the following 
information:  the field sample number, date and time of collection, type of 
analysis, type of preservative (if any), a space for the laboratory sample 
number, project identification, and the name of the person collecting the 
sample.  The label may also include a space for comments.  The sample label 
will be adhesive-backed and will be attached to the sample container.  
Sample labels will be completed for each sample using waterproof ink.  

  
• The ENVIRON Field Activities Coordinator and Project Coordinator will 

review all field activities to determine whether proper custody procedures 
were followed during the field work and decide if additional samples are 
required. 

 
Transfer of Custody and Shipment Procedures 
Samples collected for off-site analysis at the CompuChem or Air Toxics fixed-base 
laboratories will be accompanied by properly completed chain-of-custody forms.  
The sample numbers and locations will be listed on the chain-of-custody form.  
When transferring the possession of samples, the individuals relinquishing and 
receiving will sign, date, and note the time on the record.  This record documents 
transfer of custody of samples from the sampler to another person, to the permanent 
laboratory, or to/from a secure storage area. 

 
Samples will be properly packaged on ice to maintain the sample temperature 
between 4 °C and 6 °C for shipment and dispatched to the appropriate laboratory for 
analysis, with a separate signed custody record secured to the inside top of each 
sample box or cooler.  Shipping containers will be secured with shipping tape and 
custody seals for shipment to the laboratory.  The cooler will be strapped shut with 
shipping tape in at least two locations. 
 
The chain-of-custody record, identifying the contents, will accompany all shipments.  
The original record will accompany the shipment, and the sampler will retain copies. 
 
Airbills or bills of lading will be used when samples are sent by Federal Express, 
UPS, Airborne Express, or Express Mail.  Receipts of airbills or bills of lading will 
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be retained as part of the permanent documentation.  If sent by mail, the package will 
be registered with return receipt requested.  Since the custody forms will be sealed 
inside the sample cooler and coolers will be sealed intact, the commercial carriers 
will not be required to on the custody form.  

    
2. Laboratory Custody Procedures 

All samples shipped off-site for analysis will be received at CompuChem or Air 
Toxics by the sample custodian.  It will be the responsibility of the sample custodian to 
determine whether or not the samples are close to exceeding their holding time and require 
immediate attention and the manner in which those samples will be split, preserved, stored, 
or routed.   

The sample custodian is responsible for the receipt, log-in, and access controlled 
storage of all client samples.  Each sample is labeled with a unique number, which is entered 
into the sample receiving log.  The samples are placed into appropriate storage within the 
access-controlled location.  All samples are maintained under proper storage conditions for 
30 days past the generation of the analytical report. 

 
D. Analytical Methods 

All soil, sediment, residue, surface water and ground water samples collected during field 
sampling activities will be analyzed using USEPA SW-846 methodologies by CompuChem.  The 
soil vapor samples will be analyzed by Air Toxics using Method TO-15 by Air Toxics. 
 

1. Field Analytical and Measurement Procedures 
Field methodologies for the collection of field screening data (pH, specific 

conductance, and temperature) are provided in the Addendum to the FSP.  QA objectives for 
field parameters are included in Table H-6.  

 
2. Laboratory Analytical and Measurement Procedures 

SOPs have been prepared for all methods used for analysis of samples for this 
project.  The laboratory SOPs are included in Attachments H-1 and H-2. 

Each of the SOPs is based on an analytical method published by the USEPA.  Each 
specifies: 
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• Procedures for sample preparation, 
• Instrument start up and performance check, 
• Initial and continuing calibration check requirements, 
• Specific methods for each sample matrix type, and 
• Required analytical procedures. 

 
The laboratory SOPs in Attachments H-1 and H-2 provide the quantitation limits and 

QA objectives for the laboratory parameters. 
 

3. Laboratory Corrective Action 
Corrective actions may be required for two classes of problems: analytical or 

equipment problems and noncompliance problems.  Specific corrective actions are presented 
in the laboratory SOPs for each analytical method.  Specific corrective actions are not 
repeated in the text of this QAPP to avoid redundancy. 

Analytical or equipment problems may occur during sample preparation, laboratory 
instrumental analysis, or data review.  Corrective measures for these types of problems are 
discussed in the following sections. 

For noncompliance problems, a formal corrective action program will be determined 
and implemented at the time the problem is identified.  The person who identifies the 
problem is responsible for notifying the Laboratory QA Officer or Project Coordinator.  
Implementation of corrective action for noncompliance problems will be confirmed in 
writing through the same channels. 

Laboratory personnel are alerted that corrective actions may be necessary if: 
 

• QC data are outside the warning or acceptable windows for precision and 
accuracy, 

 
• Blanks contain target analyses above acceptable levels, 
 
• Undesirable trends are detected in spike recoveries or Relative Percent 

Difference between duplicates, 
 
• There are unusual changes in detection limits, 
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• Deficiencies are detected by the laboratory QA Officer during internal or external 
audits or from the results of performance evaluation samples, or 

 
• Inquiries concerning data quality are received. 

 
In addition, the trip blanks will be monitored for contamination, and corrective 

actions will be taken as soon as a problem is identified.  This will be accomplished either by:  
 
• Discontinuing the use of a specific bottle lot; 
 
• Contacting the bottle supplier(s) for re-testing the representative bottle from a 

suspect lot, 
 
• Re-sampling the suspected samples,  
 
• Validating the data taking into account that the contaminants could be introduced 

by the laboratory (e.g., common laboratory solvents, sample handling artifacts, 
etc.); or  

 
• Evaluating the potential for bottle QC problem, so as to make an educated 

determination of whether the bottles and hence the data are still usable. 
 
For this particular project, the corrective actions will be conducted in a 

comprehensive manner in order to avoid the use of identified contaminated lot(s), and to 
ensure that the bottle supplier(s) is deemed responsive and able to provide clean bottles as 
specified. 

Corrective action procedures are often handled at the bench level by the analyst, who 
reviews the preparation or extraction procedure for possible errors, and checks the 
instrument calibration, spike and calibration mixes, instrument sensitivity, and so on.  If the 
problem persists or cannot be identified, the matter is referred to the Laboratory Project 
Manager or Operations Manager.  Once resolved, full documentation of the corrective action 
procedure is filed with the Laboratory QA Director. 
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• The investigative sample containers for VOC and semivolatile organic compound 
(SVOC) analyses (or to be analyzed for site-specific constituents of concern) will 

E. Quality Control 
The number of duplicate and blank samples to be collected is listed in Table H-1.  Sample 

procedures are specified below.  The evaluation protocols and acceptance criteria for field duplicate 
samples, split samples, and trip blanks are stated below.  
 

1. Field Duplicate and Split Samples 
Field duplicates or split samples should be identified.  Reported results for each 

sample and duplicate will be compared by calculating the relative percent difference 
(%RPD), as defined in Section IV.A.  Positive results for a target compound will be flagged 
“J” in the sample and its duplicate or split if the following criteria are not met: 
 

• A control limit of +/-20% for aqueous samples (40% for solid samples) for the 
%RPD will be used if both the sample and its duplicate or split results are greater 
than 5X the Contract Required Quantitation Limit (CRQL). 

 
• A control limit of +/-40% for aqueous samples (60% for solid samples) for the 

%RPD will be used if both the sample and its duplicate or split results are less 
than 5X the CRQL. 

 
2. Field Duplicate Collection 

The general level of the QC effort will be 1 field duplicate for every 10 or fewer 
aqueous samples.  The field duplicate samples will be analyzed for the same list of 
parameters as the ground water, surface water, or soil sample with which they are collected. 

Duplicate samples will be collected in accordance with the general procedures 
described below: 
 

• The investigative sample location from which a duplicate sample will be 
collected will be identified. 

 
• The duplicate sample will be collected at the same time and location as the 

investigative sample using the same procedure outlined in the sampling 
procedure for investigative samples. 
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• -custody forms will be 

filled out with the duplicate sample properly designated and logged. 

• ng the same 
procedures as the investigative samples. 

 
3. Ma ection 

MS/MSD samples are investigative samples.  Aqueous MS/MSD samples must be 
ple will be collected/designated 

for eve l 

H-2. 

To determine the effectiveness of the decontamination procedures, field equipment 
rface water, surface water, and soil vapor 

samplin

ter 
an 

 or 

r 

 

Trip blanks are deionized organic-free water samples in VOC vials provided by the 
OC sample containers before filling and during 

shipment.  These samples will remain unopened.  If these "blanks" contain detectable 

be completely filled and sealed, and then the duplicate sample container will be 
filled and sealed.  For all other sample parameter containers, the duplicate and 
investigative sample containers will be alternately filled. 

The field notebook, sample log sheet, labels, and chain-of

 
The duplicate sample will be preserved, handled, and shipped followi

trix Spike/Matrix Spike Duplicate Coll

collected at triple the volume for VOCs.  One MS/MSD sam
ry 20 or fewer investigative samples.  Samples designated for MS/MSD analysis wil

be collected following the same procedure as other investigative samples, except that 
additional volume for the aqueous samples will be collected, as necessary.  QA objectives 
for laboratory parameters are included in the SOPs contained in Attachments H-1 and 

 
4. Field Equipment Blank Collection 

blank samples will be collected during subsu
g.  Field equipment blank samples will be collected at a rate of 1 for every 10 or 

fewer investigative samples for each matrix.  To determine the effectiveness of the 
decontamination procedures for ground water sampling equipment, deionized/distilled wa
will be poured through a clean bailer or pumped through a peristaltic pump with cle
tubing into a laboratory-supplied sample container.  For surface water sampling devices, the 
effectiveness of the decontamination procedures will be evaluated by pouring deionized
distilled water into the device before it is poured into a laboratory-supplied sample 
container.  For soil vapor sampling, the field equipment blank will be taken from ambient ai
with the sampling apparatus attached. 

5. Trip Blank Preparation 

analytical laboratory and stored with V
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concen
y 

 
s 

 

ratory SOPs include a QC section that addresses the minimum QC 
requirements for the analysis of specific analyte groups.  For this project, no specific 

pou g solution; rather standard QA/QC measures will be 
implem

 an 

xample of a potential change is modification of the matrix spike (MS) 
solution

 
F. 
 

1. Field Instrument Preventive Maintenance 
surface sampling.  

Specific preventative maintenance procedures to be followed are those recommended by the 
nufa  procedures will be conducted in the 

field; th ents 

ram, a routine preventive maintenance program is 
conducted by CompuChem and Air Toxics to minimize the occurrence of instrument failure 

m preventive maintenance and 
repair o

 

trations of for one or more compounds, the problem could be cross-contamination 
between sample and container via air in the storage or shipment containers, or laborator
contamination.  One VOC trip blank consisting of deionized organic-free water will be
prepared at the CompuChem Laboratory and included along with each shipment of aqueou
VOC samples. 

6. Laboratory QC Procedures 
The labo

com nds will be added to the spikin
ented.   
If it cannot be demonstrated that the selected compounds are being analyzed in

accurate and precise manner, the analytical approach will be reviewed and changed, as 
necessary.  An e

 to include the poor purging compounds.  All field QC samples to be collected are 
described above and in the Addendum to the FSP. 

Instrument/Equipment Testing, Inspection, and Maintenance 

A PID and water quality meters will be used during the sub

ma cturer.  No internal calibration or maintenance
ese procedures are solely performed by the instrument supplier.  These instrum

will be checked daily and calibrated at an interval recommended by the manufacturer.  
Backup instruments and equipment will be available on site or within 1-day shipment to 
avoid delays in the field schedule.   

 
2. Laboratory Instrument Preventive Maintenance 

As part of their QA/QC prog

and other system malfunctions.  Laboratory personnel perfor
r coordinate with a vendor for the repair of their instruments.  All laboratory 

instruments are maintained in accordance with manufacturer's specifications and the 
requirements of the specific method employed.  This maintenance is carried out on a regular,
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each 
nder a 

G. 
of all instruments and 

measuring equipment used for conducting field and laboratory analyses.  These instruments and 
ipm led, periodic basis. 

 

pecified in the 
manufacturer's instructions, and all calibration data shall be recorded in dedicated calibration 

boo ation gases provided by the equipment supplier will 
be used

.  Tedlar™ bags, canisters, vials, jars, and bottles 
used fo

 

boratory equipment will be based on approved written procedures 
contained in the Laboratory SOPs (Attachments H-1 and H-2) or the appropriate analytical 

thod placement will be filed and maintained by the 
designa  

 
H. 

ed by the ENVIRON Field Activities Coordinator, or 
esignee, prior to acceptance and use.   

 

scheduled basis, and is documented in the laboratory instrument service logbook, for 
instrument.  Emergency repair or scheduled manufacturer's maintenance is provided u
repair and maintenance contract with factory representatives.   

 
Instrument/Equipment Calibration and Frequency 
This section describes procedures for maintaining the accuracy 

equ ent should be calibrated prior to each use or on a schedu

1. Field Instrument Calibration 
The PID and water quality meters shall be calibrated at the interval s

log ks or field logbooks.  Only calibr
.  Deionized water will be obtained from commercial suppliers.  Potable water will 

be obtained from the city water supply. 
The sample containers used for this project will be prepared in accordance with the 

USEPA, 1993 Guidance Document, Specification and Guidance for Contaminant-Free 
Sample Containers (EPA 540/R-93/051)

r sampling will not contain contaminants exceeding the level specified in the above-
mentioned document.  The laboratory container supplier will provide a certificate of 
cleanliness on request. 

2. Laboratory Instrument Calibration 
Calibration of la

me s.  Records of calibration, repairs, or re
ted laboratory analyst.  These records will be filed at the location where the work is

performed and will be subject to QA audit.  The laboratory maintains in-house spare parts 
and/or service contracts with vendors. 

Inspection/Acceptance of Supplies and Consumables 
Consumable field items will be inspect

d
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J. ata Management Procedures 

Field logbooks will provide the means of recording data collection activities.  As 
ures in as much detail as possible so that persons going to 

the ECC Site could reconstruct a particular situation without reliance on memory.  Field 
books or notebooks.  Logbooks will be assigned to field 

personn k 

 

• Project start date, and 

 
t book will contain a variety of information.  At the beginning of 

each en , ather, names of all sampling team members present, level 
of personal protection being used, and the signature of the person making the entry will be 
entered.  The names of visitors to the site, field sampling or investigation team personnel, 
and the

 
o be noted.  All 

equipm

 
entirely separate sample 

I. Non-Direct Measurements 
No data needed to complete this project will be obtained from non-measurement sources. 

 
D

 
1. Field Data Reporting 

such, entries will describe proced

logbooks will be bound field survey 
el, but will be stored in the document control center when not in use.  Each logboo

will be identified by the project-specific document number. 
The title page of each logbook will contain the following: 

• Person to whom the logbook is assigned, 
• Logbook number, 
• Project name, 

• End date. 

En ries into the log
try  the date, start time, we

 purpose of their visit will also be recorded in the field logbook. 
A record will be kept of field measurements and collected samples.  All entries will 

be made in ink, signed and dated, and no erasures will be made.  If an incorrect entry is 
made, the information will be crossed out with a single strike mark signed and dated by the
sampler.  The number of photographs taken of the station, if any, will als

ent used to make measurements will be identified. 
The equipment used to collect samples will be noted, along with the time of 

sampling, sample description, depth at which the sample was collected, sample volume, and 
number of containers.  The sample identification number will be assigned prior to sample
collection.  Field duplicate samples, which will receive an 

  E N V I R O N 



 ECC 
 QAPP:  Revision 2 
 Revision Date:  6/2007 
 Section II 
 Page 13 of 14 
 

identifi ing a 

 
n 

 

nager.  The laboratory 
package shall be presented in the same order in which the samples were received. 

epare and retain full analytical and QC 
docume  

 an as 
needed

 
ing: 

 
ature Pages) listing the samples included in the report and 

• Tabulated results of organic compounds identified and quantified for 

 
Analytical results for sample spikes, sample duplicates, and laboratory control 

 
Tabulation of instrument detection limits determined in pure water. 

 
For organic analyses, surrogate spike recoveries, chromatograms, gas 

chroma graphy/mass chromatography (GC/MS) spectra, calibration verification of 
standar  a nd raw data 
system printouts (or legible photocopies) identifying date of analyses, analyst's name, and 
parameters determined, will be retained by the laboratory.  The complete laboratory data 

cation number, will be noted under sample description.  The system for assign
sample identification number is described in the Addendum to the FSP. 

Field data reporting shall be conducted principally through the transmission of 
spreadsheets containing tabulated results of all measurements made in the field, and
documentation of all field calibration activities.  If field logbook information is to be used i
the project reports, it will likely be presented in a tabular format. 

2. Laboratory Data Reporting 
Upon acceptance of the preliminary reports by the Laboratory QA Officer, final 

reports will be generated and signed by the Laboratory Project Ma

CompuChem/AirToxics will pr
ntation similar to that required by the contract laboratory program.  Such retained

documentation need not be hard (paper) copy, but may be in other storage media (e.g., 
electronic).  The laboratories will supply a hard copy of the retained information on

 or as requested basis. 
CompuChem will report the data in the same chronological order in which analyses

are conducted, along with QC data.  Each analytical data package will include the follow

• Cover sheets (Sign
narrative comments describing problems encountered in analysis; 

 

investigative and blank samples (such as Form I from LIMs); 

• 

samples; and 

• 

to
ds nd blanks, GC/MS system tuning data, standard procedural blanks, a
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packag  performance 

 

e will be provided to MAKuehl Company or approved alternate for the
of data validation. 

All analytical data generated for this removal action will be computerized in a format
organized to facilitate data review and evaluation.  The ECC data set will be available for 
controlled access by the Project Coordinator and by authorized personnel.  The final data 
deliverables will be presented in a "CLP-like" format. 
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III.  GROUP C:  ASSESSMENT AND OVERSIGHT 
 
A. Assessments and Response Actions 

Corrective action is the process of identifying, recommending, approving and implementing 
measures to counter unacceptable procedures or out of QC performance, which can affect data 
quality.  Corrective action can occur during field activities, laboratory analyses, data validation, and 
data assessment.  All corrective action proposed and implemented should be documented in the 
regular QA assurance reports to management.  Corrective action should only be implemented after 
approval by the Project Coordinator, or designee.   

For non-compliance problems, a formal corrective action program will be determined and 
implemented at the time the problem is identified.  The person who identifies the problem is 
responsible for notifying the Laboratory QA Officer or Project Coordinator, as appropriate.  Any 
non-conformance with the established QC procedures in this QAPP or Addendum to the FSP will 
be identified and corrected in accordance with this QAPP.   

Performance and system audits of both field and laboratory activities will be conducted to 
verify that sampling and analysis are performed in accordance with the procedures established in 
the Addendum to the FSP and the QAPP.  The audits of field and laboratory activities include two 
separate independent parts: internal and external audits. 
 

1. Field Performance and System Audits 
 

Internal Field Audits 
Field Sampling Technical System Audits (TSAs) of field activities will be conducted 
by the QA Director or a designated representative.  One TSA will be conducted 
during the initial phase of the field sampling activities to verify that all established 
procedures are followed.  In addition, another field TSA will be performed if the 
sampling team or procedures are changed during the monitoring period.  The TSA 
will include a Field Analytical Audit, including an audit of PID and water quality 
measurement procedures.  The need for additional internal audits will be determined 
by the QA Director.  An example of a situation that would likely trigger an audit 
would be difficulties in obtaining reproducible laboratory data that could not be 
attributed to laboratory procedures.  In such a situation, an internal audit of field 
sampling procedures may be warranted to assist in identifying the cause of the 
difficulties.  Another example of a situation where an internal audit may be 
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conducted would be following the implementation of significant corrective action 
activities. 

 
The field sampling TSAs will be conducted by the QA Director, Field Activities 
Coordinator, or designee.  The audits will include examination of field sampling and 
measurement records; field instrument calibration and operating records; and sample 
collection, handling, packaging, and documentation in compliance with the 
established procedures.   

 
External Field Audits 
An external audit may be conducted at the discretion of the USEPA/IDEM Project 
Manager.  External field audits may be conducted any time during the field 
operations.  These audits may or may not be announced and are at the discretion of 
the USEPA/IDEM.  External field audits will be conducted according to the field 
activity information presented in the QAPP. 

 
2. Laboratory Performance and Systems Audits 

 
Internal Laboratory Audits 
The internal performance and system audits of CompuChem/Air Toxics will be 
conducted by the CompuChem and Air Toxics QA Directors.  The system audits, 
which will be done on an annual basis, will include examination of laboratory 
documentation on sample receiving, sample log-in, sample storage, chain-of-custody 
procedure, sample preparation and analysis, and instrument operating records. 

 
The internal laboratory system audits will include an examination of laboratory 
documentation on sample receiving, sample log-in, sample storage, chain-of-custody 
procedures, sample preparation and analysis, and instrument operating records.  The 
performance audits will involve preparing blind QC samples and submitting them 
along with project samples to the laboratory for analysis throughout the project.  The 
QA Directors will evaluate the analytical results of these blind performance samples 
to ensure the laboratory maintains acceptable QC performance.  
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External Laboratory Audits 
Any external audits may be conducted at the discretion of the USEPA/IDEM Project 
Manager. 

 
B. Reports to Management 

TSA audit results will be provided in writing to the Project Coordinator within 2 weeks of 
completion of the audit.  In addition, the ENVIRON QA Director and field personnel will report 
any field QA difficulties or lack of compliance to the Project Coordinator as specified in  
Section III.A.  Issues will include any problems regarding sampling, field measurement, sample 
handling, communication, or documentation.  The laboratory QA Director will report any laboratory 
QA problems to the Project Coordinator.  The Project Coordinator will maintain a file of any 
checklists or corrective action letters during the project. 

Report(s) containing field sampling data will contain separate QA sections in which data 
quality information collected during the task is summarized.  The data report(s) will be the 
responsibility of the Project Coordinator and will include the appropriate laboratory QA Officer 
reports on the accuracy, precision, and completeness of the data, as well as the results of the TSAs, 
and any corrective action needed or taken, provided analytical data were generated for the report. 

The QA sections of the data report(s) will contain a discussion of the QA issues noted 
above.  It will also include a discussion of any qualified data, and major project problems.  The 
section will also provide justification for use of qualified and/or if necessary, recommend that 
supplemental data be collected to replace the affected data set.   
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IV.  GROUP D: DATA VALIDATION AND USABILITY 
 
A. Data Review, Verification, and Validation 

All chemical analysis data generated will be reviewed based on its accuracy, precision, and 
completeness.  The following data will be validated as defined in the following sections:  

 
• Soil vapor from the augmented SVE system following two restarts spike tests; 
• Combined ground water sample from PRGS collection manhole following two 

successful restart spike tests; 
• Phase I Monitoring sampling, at the end of the one-year monitoring period; and 
• Phase II(a) Long-Term Monitoring, at the end of the first 2 years of the monitoring 

period. 
 

For those data sets listed above, Data Validation Reports in a “CLP-like” format will be 
prepared along with the data.   
 

1. Accuracy Assessment 
Accuracy of laboratory results will be assessed for compliance with the established 

QC criteria that are described in Section II.E using the analytical results of method blanks, 
reagent/preparation blanks, MS/MSD samples, equipment rinse blanks, and trip blanks.  The 
percent recovery (%R) of matrix spikes will be calculated using: 
 

%R   =   [ (A - B) / C ]    x    100 
 

where: 
A = the analyte concentration determined experimentally from the spiked sample 
B = the background level determined by a separate analysis of the unspiked sample 
C = the amount of the spike added 

 
2. Precision Assessment 

Precision of laboratory analyses will be assessed by comparing the analytical results 
between duplicate samples (investigative and MS/MSD).  The (%RPD) will be calculated 
for each pair of duplicate analyses using: 
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%RPD   =  (S - D) / [ (S + D) / 2 ]  x 100 
Where: 
S = First sample value (original or MS value) 
D = Second sample value (duplicate or matrix spike duplicate [MSD] value) 

 
3. Completeness Assessment 

The data completeness of laboratory analyses results will be assessed for compliance 
with the amount of data required for decision-making.  The completeness is calculated 
using: 
 

Completeness   =   [(valid data obtained) / (total data planned)]  x  100 
 
B. Verification and Validation Methods 
 

1. Procedures Used to Validate Field Data 
Procedures to evaluate field data for this project primarily include checking for 

transcription errors and review of field logbooks, on the part of field crew members.  This 
task will be the responsibility of the Field Activities Coordinator. 

 
2. Procedures Used to Validate Laboratory Data 

CompuChem/Air Toxics will perform in-house analytical data validation under the 
direction of the Laboratory QA Director.  The Laboratory QA Directors are responsible for 
assessing data quality and advising of any data that were rated “preliminary or 
unacceptable” or other notations that would caution the data user of possible unreliability. 

Data validation by the laboratory will be conducted as follows: 
 

• The Laboratory QA Director will complete a thorough audit of preliminary 
reports at a frequency of 1 in 10. 

 
• The Laboratory QA Director and area supervisors will decide whether any 

sample re-analysis is required. 
 

Assessment of laboratory data will be accomplished by the joint efforts of their 
respective Laboratory QA Officers and Laboratory Project Managers.  The data assessment 
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by the Laboratory Project Manager will be based on the assumption that the sample was 
properly collected and handled according to the FSP and Section IV of this QAPP. 

CompuChem/Air Toxics data reviewers will conduct a systematic review of the data 
for compliance with the established QC criteria based on the spike, duplicate, and blank 
results provided by the laboratory.  An evaluation of data accuracy, precision, sensitivity, 
and completeness based on criteria discussed in Section IV.A of this QAPP will be 
performed. 

Independent data validation will be performed for the sampling events listed above 
in Section IV.A.  MAKuehl Company, or approved alternate, will evaluate the data using 
guidance from the following EPA documents: 

 
• National Functional Guidelines for Organic Data Review (dated October 1999); 
 
• Standard Operating Procedures (SOPs) for Validation of CLP Organic Data 

(EPA Region V, dated April 1991; revised August 1993, February 1997, and 
February 1994); and 

 
• Standard Operating Procedure (SOP) for Validation of CLP Inorganic Data, 

(dated September 1993). 
 
The data reviewers will identify any out-of-control data points and data omissions 

and will interact with the laboratory to correct data deficiencies.  Decisions to repeat sample 
collection and analyses may be made by the Project Coordinator based on the extent of the 
deficiencies and their importance in the overall context of the project.  The Project 
Coordinator may seek USEPA/IDEM input and approval prior to repeating any sample 
collection and analysis, as appropriate. 

 
C. Reconciliation with User Requirements 

The Project QA Director will review the data validation results to determine the data’s 
accuracy, precision, and completeness objectives as defined in Section IV.A of this QAPP. 

The response to address data that does not meet the QC objectives noted above will be based 
on whether the data is critical or non-critical.  Critical data is defined as that which is required to 
achieve project objectives as follows: 
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• Determine when the Soil Vapor Standards are achieved, 
• Determine when Site-Specific Acceptable Concentrations are achieved for subsurface 

water, 
• Confirm the successful completion of Phase I Monitoring, and 
• Confirm successful completion of the 2-year Phase II(a) Long-Term Monitoring Phase. 

 
Should critical data be found to not meet QC objectives, the Project Coordinator will take an 

appropriate course of action to obtain acceptable data.  This may include collecting new 
investigative samples, re-analyzing existing samples, or other action that will result in obtaining 
acceptable data.  The specific course of action will be determined on a case-by-case basis.   

Non-critical data is defined as that which, while providing useful information, is not critical 
to n completing the project objectives.  Non-critical data that does not meet the QC objectives will 
be appropriately documented; however, re-sampling or re-analysis to address such data will not 
typically be performed. 
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TABLE H-1

Sampling Schedule and Analytical Parameters
Enviro-Chem Superfund Site

Zionsville, Indiana

Matrix Sampled Sampling Area Frequency Field Parameters Laboratory Analyses Laboratory Methods Duplicates
Trip 

Blanks

Field 
Equipment 

Blanks
MS/MSD

Soil Vapor- Individual Trench 
Segments 

SVE System- Treatment 
Building at field piping 
connection to building piping

Daily- 1st week, weekly- next 4 
weeks, biweekly thereafter during 
Active Phase         

- SVOCs, VOCs1
VOCs and SVOCs by EPA 

Method TO-15, except phenols 
by EPA Method TO-13A 

-- -- 1/10 (phenol) --

Soil Vapor- All Trench 
Segments Combined

SVE System- Treatment 
Building at the in-line analyzer

Daily for first 5 weekdays, 
thereafter as required by 
Contractor for system 
optimization, if correlation 
established         

Total organics using in-line 
Continuous Analyzer, Vapor 

flow rate
total organics Total Organics- Field Series 

8800 Continuous Analyzer -- -- -- --

Soil Vapor- All Trench 
Segments Combined

SVE System- Treatment 
Building at manifold samling 
port

Daily for first 5 weekdays - SVOCs, VOCs1
VOCs and SVOCs by EPA 

Method TO-15, except phenols 
by EPA Method TO-13A 

-- -- 1/10 (phenol) --

Soil Vapor - Individual trench 
segments

SVE well head at trench 
segment

Following restart for confirmation 
of shut down criteria - SVOCs, VOCs1

VOCs and SVOCs by EPA 
Method TO-15, except phenols 

by EPA Method TO-13A 
-- -- 1/10 (phenol) --

Soil Vapor- Ex-situ  Treatment 
Cell, Combined

SVE System- Treatment 
Building

Minimum of one sample per 
month during operation of SVE for 
ex-situ  treatment cell and 
following restart spike tests to 
confirm shutdown

- SVOCs, VOCs1
VOCs and SVOCs by EPA 

Method TO-15, except phenols 
by EPA Method TO-13A

-- -- 1/10 (phenol)

Excess Soil Excavated from 
Augmented SVE Trenches

Soil stockpiles from trench 
excavation

One soil sample per augmented 
SVE trench PID 

VOCs, SVOCs, Inorganics, and 
PCBs by SPLP and non-

leachate analysis of VOCs and 
SVOCs2

SW-846 Methods 8260B, 
8270C, 6010, and 8082 -- -- -- --

Water (biopolymer slurry after 
enzyme addition)

Biopolymer Slurry from SVE 
trench segments One-time

Field tests as required to 
confirm biopolymer slurry 

breakdown

BOD, viscosity, and/or other 
parameters to confirm 

biopolymer slurry breakdown

 SW-846 Method 405.1 for 
BOD; appropriate physical test 
methods for viscosity or other 

parameters to confirm 
biopolymer slurry breakdown

-- -- -- --

Subsurface Water- single 
combined water sample3

PRGS Pipe Collection 
Manhole

One sample following two 
successful Restart Spike Tests and 
one sample following each 90 days 
of additional SVE system 
operation

pH, specific conductance, 
temperature                         
(field filter samples for metals 
and PCBs)

VOCs, SVOCs4, some metals4, 
cyanide, PCBs

SW-846 Methods 8260B, 
8270C, 6010, ILM04.1 1/10 1/ shipment 1/10 --
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TABLE H-1

Sampling Schedule and Analytical Parameters
Enviro-Chem Superfund Site

Zionsville, Indiana

Matrix Sampled Sampling Area Frequency Field Parameters Laboratory Analyses Laboratory Methods Duplicates
Trip 

Blanks

Field 
Equipment 

Blanks
MS/MSD

Subsurface water within each 
trench segment

Augmented SVE Trench 
Dewatering Wells

Semi-annual sampling of each 
operating trench segment during 
operation of the SVE system; 
quarterly sampling during the 1-
year Phase I and 2-year Phase II(a) 
monitoring periods5

pH, specific conductance, 
temperature, water level             
(field filter samples for metals 
and PCBs)

VOCs, SVOCs4, some metals4, 
cyanide, PCBs

SW-846 Methods 8260B, 
8270C, 6010, ILM04.1 1/10 1/ shipment 1/10 1/20

Treated Subsurface 
Water/Effluent

PRGS Treatment Vessel- 
Effluent Sampling Port

Annual sampling after completion 
of the 2-year of Phase II(a) 
monitoring

pH, specific conductance, 
temperature                         
(field filter samples for metals 
and PCBs)

VOCs, SVOCs4, some metals4, 
cyanide, PCBs

SW-846 Methods 8260B, 
8270C, 6010, ILM04.1 1/10 1/ shipment 1/10 1/20

Subsurface Water Sand and Gravel Monitoring 
Wells S-1, S-4B and S-5

Semi-annual sampling during 
operation of the SVE system; 
quarterly sampling during the 1-
year Phase I and 2-year Phase II(a) 
monitoring periods

pH, specific conductance, 
temperature, water level             
(field filter samples for metals 
and PCBs)

VOCs, SVOCs4, some metals4, 
cyanide, PCBs

SW-846 Methods 8260B, 
8270C, 6010, ILM04.1

1/10 1/ shipment 1/10 1/20

Surface Water Unnamed Ditch, at Locations 
SW-1, NSL-1 and SW-2

Semi-annual sampling during 
operation of the SVE system; 
quarterly sampling during the 1-
year Phase I and 2-year Phase II(a) 
monitoring periods

Stream Observations VOCs, SVOCs6, some metals, 
cyanide

SW-846 Methods 8260B, 
8270C, 6010, ILM04.1

1/10 1/ shipment -- 1/20

--- Thin Barrier Curtain Wall 
Piezometers

Quarterly during the 1-year Phase 
I Monitoring period

Water Level Measurements -- -- -- -- -- --

Augmented SVE System
Wastewater Discharge 
Monitoring- Tank T-4 or 
discharge port

Prior to each batch discharge --
VOCs with Approved Effluent 
Limits (see Attachment C-1 of 

FSP Addendum)
SW-846 Method 8260B 1/10 -- 1/10 N/A

                                 Key: VOCs= volatile organic compounds; SVOCs= semivolatile organic compounds; PCBs= polychlorinated biphenyls
SVE= soil vapor extraction
PID = Photoionization Detector
 MS/MSD = Matrix Spike/Matrix Spike Duplicate

-- = None/Not Applicable
TBD = To be determined
1 VOCs and SVOCs listed in Table 3-1 with Soil Vapor Standards. (Table 2-2 in the Design Report for the Attachment Z-1 Remedy).

4 VOCs and SVOCs listed in Table 2-1 with Acceptable Stream Concentrations (Table 2-1 in the Design Report for the Attachment Z-1 Remedy). 

6 VOCs and SVOCs listed in Table 2-1 with Acceptable Surface Water Concentrations (Table 2-1 in the Design Report for the Attachment Z-1 Remedy).

5 Additional samples may be collected during SVE system operation at the discretion of the ECC Site Trust.

3 If no water in PRGS system at end of Active Phase, sampling will be considered complete.

2 Analysis of VOCs and SVOCs with Acceptable Soil Concentrations in Table 2-1 of the Design Report for the Attachment Z-1 Remedy; additional analysis may be added if disposed offsite.
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TABLE  H-2
Project Detection Limits and Reporting Limits - Soils

Volatiles and PCBs
Environ-Chem Superfund Site

Zionsville, Indiana

Compound Name Method Detection Reporting
Limit Limit
(µg/kg) (µg/kg)

GCMS Volatiles 8260B/5035 Soil
5 g purge

1,1,1,2-Tetrachloroethane 0.32 5.0
1,1,1-Trichloro-2,2,2-trifluoroethane 0.77 5.0
1,1,1-Trichloroethane 0.23 5.0
1,1,2,2-Tetrachloroethane 0.44 5.0
1,1,2-trichloro-1,2,2-trifluoroethane 0.61 5.0
1,1,2-Trichloroethane 0.29 5.0
1,1-Dichloroethane 0.07 5.0
1,1-Dichloroethene 0.29 5.0
1,1-Dichloropropene 0.25 5.0
1,2,3-Trichlorobenzene 1.35 5.0
1,2,3-Trichloropropane 0.62 5.0
1,2,4-trichlorobenzene 1.32 5.0
1,2,4-Trimethyl benzene 1.19 5.0
1,2-Dibromo-3-chloropropane 1.48 5.0
1,2-Dibromoethane 0.40 5.0
1,2-Dichlorobenzene 0.99 5.0
1,2-Dichloroethane 0.30 5.0
1,2-Dichloropropane 0.34 5.0
1,3,5-Trimethyl benzene 1.23 5.0
1,3-Dichlorobenzene 1.00 5.0
1,3-Dichloropropane 0.23 5.0
1,4-Dichlorobenzene 1.05 5.0
1,4-Dioxane 38.26 250.0
2,2'-Dichloropropane 0.33 5.0
2-Butanone 1.66 12.5
2-Chlorotoluene 0.76 5.0
2-Hexanone 1.96 12.5
3-Chloropropene 0.33 5.0
4-Chlorotoluene 0.99 5.0
4-Methyl-2-pentanone 2.25 12.5
Acetone 4.07 12.5
Acetonitrile 0.35 5.0
Acrolein 6.64 50.0
Acrylonitrile 3.08 50.0
Benzene 0.17 5.0
Bromobenzene 0.60 5.0
Bromochloromethane 0.31 5.0
Bromodichloromethane 0.30 5.0
Bromoform 0.30 5.0
Bromomethane 0.60 5.0
Carbon disulfide 0.06 5.0
Carbon tetrachloride 0.31 5.0
Chlorobenzene 0.38 5.0

Page 1 of 3 E N V I R O N



TABLE  H-2
Project Detection Limits and Reporting Limits - Soils

Volatiles and PCBs
Environ-Chem Superfund Site

Zionsville, Indiana

Compound Name Method Detection Reporting
Limit Limit
(µg/kg) (µg/kg)

Chloroethane 0.69 5.0
Chloroform 0.16 5.0
Chloromethane 0.38 5.0
Chloroprene 0.22 5.0
cis-1,2-Dichloroethene 0.21 5.0
cis-1,3-Dichloropropene 0.10 5.0
Cyclohexane 1.24 5.0
Dibromochloromethane 0.20 5.0
Dibromomethane 0.32 5.0
Dichlorodifluoromethane 0.18 5.0
Ethylbenzene 0.85 5.0
Ethylmethacrylate 2.71 50.0
Hexachlorobutadiene 1.41 5.0
Iodomethane 0.26 5.0
Isobutyl alcohol 25.58 250.0
Isopropyl benzene 1.17 5.0
Isopropyl ether 0.33 5.0
m,p-Xylene 1.72 10.0
Methacrylonitrile 3.16 50.0
Methyl acetate 1.05 5.0
Methylcyclohexane 1.59 5.0
Methylene Chloride 0.19 5.0
Methylmethacrylate 2.60 50.0
Methyl-tert-butyl-ether 0.12 5.0
Naphthalene 0.94 5.0
n-Butyl benzene 1.61 5.0
n-Propyl benzene 1.36 5.0
o-Xylene 0.70 5.0
Pentachloroethane     NA NA
p-Isopropyl toluene 1.43 5.0
Propionitrile 22.49 250.0
sec-butyl Benzene 1.48 5.0
Styrene 0.48 5.0
tert-butyl Benzene 1.28 5.0
Tetrachloroethene 0.77 5.0
Toluene 0.32 5.0
trans-1,2-Dichloroethene 0.25 5.0
trans-1,3-Dichloropropene 0.21 5.0
trans-1,4-Dichloro-2-butene 1.27 20.0
Trichloroethene 0.28 5.0
Trichlorofluoromethane 0.40 5.0
Vinyl acetate 0.34 5.0
Vinyl Chloride 0.38 5.0
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TABLE  H-2
Project Detection Limits and Reporting Limits - Soils

Volatiles and PCBs
Environ-Chem Superfund Site

Zionsville, Indiana

Compound Name Method Detection Reporting
Limit Limit
(µg/kg) (µg/kg)

GC PCBs 3550B/8082 Soil 

1016 11.78 31
1260 5.00 31
1242 11.22 21
1232 7.51 31
1221 20.27 42
1248 7.52 21
1254 2.00 21

Method detection limits (MDLs) and Reporting Limits (RLs) provided by Compuchem Laboratory (November 2006).
NA = Not Available
GCMS = Gas Chromatography/Mass Spectrometry 
GC = Gas Chromatography
PCB = Polychlorinated Biphenyl
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TABLE  H-3
Project Detection Limits and Reporting Limits -Water

Volatiles, Semivolatiles, and PCBs
Environ-Chem Superfund Site

Zionsville, Indiana

Compound Name Method Detection Reporting Method Detection Reporting
Limit Limit Limit Limit
(µg/L) (µg/L) (µg/L) (µg/L)

GCMS Volatiles 5030b/5035/82620B
25 mL purge

1,1,1,2-Tetrachloroethane 0.04 0.5 NA NA
1,1,1-trichloro-2,2,2-trifluoroethane 0.08 0.5 NA NA
1,1,1-Trichloroethane 0.03 0.5 NA NA
1,1,2,2-Tetrachloroethane 0.05 0.5 NA NA
1,1,2-trichloro-1,2,2-trifluoroethane 0.14 0.5 NA NA
1,1,2-Trichloroethane 0.03 0.5 NA NA
1,1-Dichloroethane 0.07 0.5 NA NA
1,1-Dichloroethene 0.05 0.5 NA NA
1,1-Dichloropropene 0.04 0.5 NA NA
1,2,3-Trichlorobenzene 0.05 0.5 NA NA
1,2,3-Trichloropropane 0.10 0.5 NA NA
1,2,4-trichlorobenzene 0.05 0.5 NA NA
1,2,4-Trimethylbenzene 0.03 0.5 NA NA
1,2-Dibromo-3-chloropropane 0.20 0.5 NA NA
1,2-Dibromoethane 0.06 0.5 NA NA
1,2-Dichlorobenzene 0.03 0.5 NA NA
1,2-Dichloroethane 0.06 0.5 NA NA
1,2-Dichloropropane 0.04 0.5 NA NA
1,3,5-Trimethylbenzene 0.03 0.5 NA NA
1,3-Dichlorobenzene 0.04 0.5 NA NA
1,3-Dichloropropane 0.06 0.5 NA NA
1,4-Dichlorobenzene 0.04 0.5 NA NA
1,4-Dioxane 5.49 25.0 NA NA
2,2,-Dichloropropane 0.10 0.5 NA NA
2-Butanone 0.41 2.5 NA NA
2-chloroethyl vinyl ether 0.85 5.0 NA NA
2-Chlorotoluene 0.03 0.5 NA NA
2-Hexanone 0.55 2.5 NA NA
3-Chloropropene 0.05 0.5 NA NA
4-Chlorotoluene 0.04 0.5 NA NA
4-Methyl-2-pentanone 0.40 2.5 NA NA
Acetone 0.38 2.5 NA NA
Acetonitrile 0.04 0.5 NA NA
Acrolein 1.59 5.0 NA NA
Acrylonitrile 0.50 5.0 NA NA
Benzene 0.02 0.5 NA NA
Bromobenzene 0.03 0.5 NA NA
Bromochloromethane 0.05 0.5 NA NA
Bromodichloromethane 0.06 0.5 NA NA
Bromoform 0.04 0.5 NA NA
Bromomethane 0.05 0.5 NA NA
Carbon disulfide 0.03 0.5 NA NA
Carbon tetrachloride 0.07 0.5 NA NA
Chlorobenzene 0.02 0.5 NA NA
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TABLE  H-3
Project Detection Limits and Reporting Limits -Water

Volatiles, Semivolatiles, and PCBs
Environ-Chem Superfund Site

Zionsville, Indiana

Compound Name Method Detection Reporting Method Detection Reporting
Limit Limit Limit Limit
(µg/L) (µg/L) (µg/L) (µg/L)

Chloroethane 0.11 0.5 NA NA
Chloroform 0.03 0.5 NA NA
Chloromethane 0.04 0.5 NA NA
Chloroprene 0.04 0.5 NA NA
cis-1,2-Dichloroethene 0.04 0.5 NA NA
cis-1,3-Dichloropropene 0.02 0.5 NA NA
Cyclohexane 0.05 0.5 NA NA
Dibromochloromethane 0.03 0.5 NA NA
Dibromomethane 0.04 0.5 NA NA
Dichlorodifluoromethane 0.05 0.5 NA NA
Ethylbenzene 0.04 0.5 NA NA
Ethylmethacrylate 0.33 5.0 NA NA
Hexachlorobutadiene 0.07 0.5 NA NA
Iodomethane 0.04 0.5 NA NA
Isobutyl alcohol 7.28 25.0 NA NA
Isopropyl benzene 0.04 0.5 NA NA
Isopropyl ether 0.11 0.5 NA NA
m,p-Xylene 0.04 1.0 NA NA
Methacrylonitrile 0.68 5.0 NA NA
Methyl acetate 0.13 0.5 NA NA
Methylcyclohexane 0.07 0.5 NA NA
Methylene chloride 0.06 0.5 NA NA
Methylmethacrylate 0.53 5.0 NA NA
Methyl-tert-butyl-ether 0.05 0.5 NA NA
Naphthalene 0.06 0.5 NA NA
n-Butyl benzene 0.05 0.5 NA NA
n-Propyl benzene 0.03 0.5 NA NA
o-Xylene 0.04 0.5 NA NA
p-Isopropyl toluene 0.07 0.5 NA NA
Propionitrile 3.31 25.0 NA NA
sec-Butyl Benzene 0.04 0.5 NA NA
Styrene 0.03 0.5 NA NA
tert-butyl benzene 0.05 0.5 NA NA
Tetrachloroethene 0.09 0.5 NA NA
Toluene 0.04 0.5 NA NA
trans-1,2-Dichloroethene 0.02 0.5 NA NA
trans-1,3-Dichloropropene 0.03 0.5 NA NA
trans-1,4-dichloro-2-butene 2.00 20.0 NA NA
Trichloroethene 0.04 0.5 NA NA
Trichlorofluoromethane 0.05 0.5 NA NA
Vinyl acetate 0.19 1.0 NA NA
Vinyl Chloride 0.06 0.5 NA NA
Trichlorofluoromethane 0.40 5.0 NA NA
Vinyl acetate 0.34 5.0 NA NA
Vinyl Chloride 0.38 5.0 NA NA
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TABLE  H-3
Project Detection Limits and Reporting Limits -Water

Volatiles, Semivolatiles, and PCBs
Environ-Chem Superfund Site

Zionsville, Indiana

Compound Name Method Detection Reporting Method Detection Reporting
Limit Limit Limit Limit
(µg/L) (µg/L) (µg/L) (µg/L)

GCMS Semivolatiles  8270C Water  8270C Water 
3510C/8270C 3550B/8270C

1,1'-Biphenyl         2.00 10 49.54 330
1,2,4-Trichlorobenzene 2.91 10 39.20 330
1,2-Diphenylhydrazine 0.38 10 230.24 330
1,3-Dichlorobenzene 7.73 10 328.73 330
1,4-Dichlorobenzene 7.95 10 222.39 330
1-Methylnaphthalene 7.21 10 214.96 330
2,2'-oxybis(1-Chloropropane) 1.48 10 259.72 330
2,4,5-Trichlorophenol 1.55 10 31.73 330
2,4,6-Trichlorophenol 1.32 10 54.43 330
1,2-Dichlorobenzene 7.97 10 38.10 330
2,4-Dichlorophenol    1.45 10 38.02 330
2,4-Dimethylphenol    1.77 10 29.22 330
2,4-Dinitrophenol 5.30 20 78.80 330
2,4-Dinitrotoluene    1.33 10 552.27 660
2,6-Dinitrotoluene    1.28 10 52.08 330
2-Chloronaphthalene   1.93 10 56.72 330
2-Chlorophenol        1.71 10 44.89 330
2-Methylnaphthalene   2.33 10 31.95 330
2-Methylphenol        1.31 10 39.62 330
2-Nitroaniline        1.45 20 47.50 660
2-Nitrophenol         2.03 10 30.58 330
3,3'-Dichlorobenzidine 1.27 10 24.99 330
3/4-Methylphenol        2.77 20 92.35 660
3-Nitroaniline        1.75 20 33.69 660
4,6-Dinitro-2-methylphenol 1.58 20 36.70 660
4-Bromophenyl-phenylether 1.48 10 57.84 330
4-Chloro-3-methylphenol 1.87 10 56.05 330
4-Chloroaniline       1.69 10 66.35 330
4-Chlorophenyl-phenylether 1.65 10 44.54 330
4-Nitroaniline        2.04 20 31.82 660
4-Nitrophenol         0.92 20 54.52 660
Acenaphthene          1.62 10 42.19 330
Acenaphthylene        1.73 10 47.96 330
Acetophenone          1.71 10 136.32 330
Anthracene            1.15 10 47.18 330
Atrazine              0.86 10 35.87 330
Benzaldehyde          2.00 10 68.59 330
Benzo(a)anthracene    1.33 10 42.02 330
Benzo(a)pyrene        1.27 10 35.90 330
Benzo(b)fluoranthene  1.17 10 36.63 330
Benzo(g,h,i)perylene  1.41 10 26.62 330
Benzo(k)fluoranthene  1.92 10 61.99 330
Benzyl alcohol        2.76 10 80.11 330
Bis(2-chloroethoxy)methane 1.92 10 43.68 330
Bis(2-chloroethyl)ether 1.82 10 33.26 330
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TABLE  H-3
Project Detection Limits and Reporting Limits -Water

Volatiles, Semivolatiles, and PCBs
Environ-Chem Superfund Site

Zionsville, Indiana

Compound Name Method Detection Reporting Method Detection Reporting
Limit Limit Limit Limit
(µg/L) (µg/L) (µg/L) (µg/L)

bis(2-ethylhexyl)Phthalate 2.00 10 62.37 330
Butylbenzylphthalate  1.29 10 47.96 330
Caprolactam           1.02 10 34.54 330
Carbazole             1.54 10 44.79 330
Chrysene              1.40 10 47.72 330
Dibenzo(a,h)anthracene 1.39 10 34.84 330
Dibenzofuran          1.58 10 45.03 330
Diethylphthalate      1.44 10 47.65 330
Dimethylphthalate     1.32 10 45.55 330
Di-n-butylphthalate   1.51 10 51.20 330
Di-n-octylphthalate   1.28 10 60.76 330
Fluoranthene          1.43 10 43.92 330
Fluorene              1.29 10 46.66 330
Hexachlorobenzene     1.14 10 53.94 330
Hexachlorobutadiene   3.90 10 30.31 330
Hexachlorocyclopentadiene 9.46 10 75.94 330
Hexachloroethane      2.55 10 20.93 330
Indeno(1,2,3-cd)pyrene 1.21 10 26.87 330
Isophorone            1.98 10 39.50 330
Naphthalene           2.51 10 33.44 330
Nitrobenzene          2.12 10 43.00 330
N-Nitrosodimethylamine 1.56 10 44.62 330
N-Nitroso-di-N-propylamine 1.75 10 69.45 330
N-Nitrosodiphenylamine 2.42 10 75.89 330
Pentachlorophenol 5.41 20 30.91 660
Phenanthrene          1.48 10 46.10 330
Phenol                0.81 10 70.24 330
Pyrene                1.54 10 44.79 330
Pyridine 3.37 10 151.92 330

GC PCBs 3510C/8082/608

Aroclor
1016 0.358 0.93 NA NA
1260 0.277 0.93 NA NA
1242 0.317 0.625 NA NA
1232 0.578 0.93 NA NA
1221 1.608 1.25 NA NA
1248 0.422 0.625 NA NA
1254 0.155 0.625 NA NA

Method detection limits (MDLs) and Reporting Limits (RLs) provided by Compuchem Laboratories (November 2006).
NA = Not Available
GCMS = Gas Chromatography/Mass Spectrometry 
GC = Gas Chromatography
PCB = Polychlorinated Biphenyl
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TABLE H-4
Project Detection Limits and Reporting Limits - Soil and Water

Inorganic Parameters
Environ-Chem Superfund Site

Zionsville, Indiana

Compound Name IDL (P3) IDL (P4) Reporting Limit
(µg/L) (µg/L) (µg/L) (mg/Kg)

 ICP-AES Metals

Aluminum 19.970 19.699 200 20.0
Antimony 1.112 1.885 10 1.0
Arsenic 2.558 3.090 10 1.0
Barium 0.084 0.114 10 20.0
Beryllium 0.097 0.345 5 0.5
Cadmium 0.148 0.447 5 0.5
Calcium 18.720 3.031 5000 500.0
Chromium 0.357 0.947 5 1.0
Cobalt 0.352 1.121 5 0.5
Copper 1.080 0.832 5 0.5
Iron 7.496 11.456 100 10.0
Lead 1.517 1.341 3 0.3
Magnesium 2.567 3.808 5000 500.0
Manganese 0.075 0.357 10 1.0
Nickel 0.508 1.707 5 4.0
Potassium 8.303 3.142 5000 500.0
Selenium 2.492 2.437 5 0.5
Silver 0.443 0.459 5 0.5
Sodium 110.214 88.271 5000 500.0
Thallium 3.736 2.740 10 1.0
Vanadium 0.315 0.351 20 2.0
Zinc 0.767 0.536 20 2.0

Additional compounds  

Molybdenum 0.453 1.092 5 5.0
Tin 4.193 2.412 100 10.0
Titanium 5.277 0.347 40 4.0
Bismith 2.095 1.791 50 5.0
Boron 1.405 NA 200 50.0

Mercury

Mercury 0.040 NA 0.20 0.20

Spectrophotometric Cyanide

Cyanide 1.20 NA 10 10

Instrument detection limits (IDLs) and Reporting Limits (RLs) provided by Compuchem Laboratories (November 2006).
NA = Not Available
ICP-AES = Inductively Coupled Plasma - Atomic Emission Spectrometer

E N V I R O N



TABLE  H-5
Project Reporting Limits - Soil Vapor

Volatiles and Semivolatiles
Environ-Chem Superfund Site

Zionsville, Indiana

Compound Name Reporting
Limit
(ppbv)

Project VOCs and SVOCs TO14A/TO15 

1,1,2,2-Tetrachloroethane 0.5
1,1,2-trichloro-1,2,2-trifluoroethane 0.5
1,1-Dichloroethane 0.5
1,1-Dichloroethene 0.5
1,2,4-trichlorobenzene 2.0
1,2,4-Trimethylbenzene 0.5
1,2-Dibromoethane 0.5
1,2-Dichlorobenzene 0.5
1,2-Dichloroethane 0.5
1,2-Dichloropropane 0.5
1,3,5-Trimethylbenzene 0.5
1,3-Dichlorobenzene 0.5
1,4-Dichlorobenzene 0.5
2-Butanone 0.5
2-Hexanone 2.0
4-Methyl-2-pentanone 0.5
Acetone 2.0
Benzene 0.5
Bromodichloromethane 0.5
Bromoform 0.5
Bromomethane 0.5
Carbon disulfide 0.5
Carbon tetrachloride 0.5
Chlorobenzene 0.5
Chloroethane 0.5
Chloroform 0.5
Chloromethane 0.5
cis-1,2-Dichloroethene 0.5
cis-1,3-Dichloropropene 0.5
Dibromochloromethane 0.5
Ethylbenzene 0.5
Hexachlorobutadiene 2.0
m,p-Xylene 0.5
Methylene chloride 0.5
Methyl-tert-butyl-ether 0.5
Propyl benzene 0.5
o-Xylene 0.5
Styrene 0.5
Tetrachloroethene 0.5
Toluene 0.5
trans-1,2-Dichloroethene 0.5
trans-1,3-Dichloropropene 0.5
Trichloroethene 0.5
Vinyl Chloride 0.5
1,2  Dichlorobenzene 0.5

Reporting Limits (RLs) provided by Air Toxics in TO14A/15 Quality Manual dated 07/2006.
VOC = Volatile Organic Compound
SVOC = Semivolatile Organic Compound
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TABLE H-6

Sampling Containers, Preservation, and Holding Times
Enviro-Chem Superfund Site

Zionsville, Indiana

Matrix Parameter Container Preservation Hold Times Sample Volume

HC1 to pH <2; 3 x 40 mL
Cool to 4 °C

Water SVOCs Amber Glass Cool to 4 °C 7 days to extractions;
40 days until analysis

2 X 1000 mL

Water
some metals and 

cyanide1 Plastic NaOH 14 days 500 ml

Soil VOCs (SPLP) Glass Cool to 4 °C 14 days to leach; 14 days from 
leach to analysis

4 oz.

Soil VOCs Glass Vials Cool to 4 oC
 2 with 5 mL sodium 
bisulfate, 1 with 5 mL 

methanol

14 days 3 x 40 mL

Soil SVOCs Clear Glass Cool to 4 °C 14 days to extractions
40 days until analysis

8 oz.

Soil SVOCs, PCBs (SPLP) Clear Glass Cool to 4 °C 14 days to leach; 7 days from 
leach to analysis

8 oz.

Soil Metals (not including 
mercury) (SPLP)

Clear Glass Cool to 4 °C 180 days to leach; 180 days 
from leach to analysis

8 oz.

Soil Vapor VOCs, 1,2-
Dichlorobenzene

SUMMA Canister or 
Tedlar Bag

NA 7 days 1000 mL or 6000 mL

Soil Vapor Phenol XAD sorbent tubes Cool to 4 °C 7 days XAD sorbent tubes

Key:

1  Analysis list from Table 2-1 of the Design Report for the Attachment Z-1 Remedy, Acceptable Stream Concentration list.

Water VOCs Glass Vials 14 days

  SPLP = Synthic Precipitation Leaching Procedure

  VOCs = Volatile organic compounds
  SVOCs = Semivolatile organic compounds
  HCl = Hydrochloric acid
  PCBs = Polychlorinated biphenyls 
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TABLE H-7 
 

QA Objectives for Field Measurements 
Enviro-Chem Superfund Site 

Zionsville, Indiana 
 
 

PARAMETER METHOD(1)  REFERENCE PRECISION(2) ACCURACY(3) COMPLETENESS 
 
WATER 
 
Standing Water Levels 
 
 
Temperature 
 
 
 
 
Conductivity 
 
 
pH 
 
 
 
SOIL 
 
Organic Vapor Screening 
 

 
 
 
Solinist or Keck Water Level 
Indicator 
 
Electronic 
Temperature Probe (Horiba U- 
U-20/U-22) 
 
 
E120.1, Electrometric (Horiba 
U-20/U-22) 
 
E150.1(Horiba U-22 probe) 
 
 
 
 
 
Photoionization Detector (PID) 
 

 
 
 

+0.01 ft. 
 
 

+0.5oC 
 
 
 
 

+25 
 
 

+0.1 pH units 
 
 
 
 
 

+0.1-1.0 ppmV 
 

 
 
 

+0.005 ft. 
 
 

+1.0oC 
 
 
 
 

+10 umho/cm2 
 
 

+ 0.05 pH units 
 
 
 
 
 

+2.0 ppmV or 10% 
of reading 

 

 
 
 

95% 
 
 

95% 
 
 
 
 

95% 
 
 

95% 
 
 
 
 
 

95% 
 

 
Notes: 
1  Methods: E - Method for Chemical Analysis for Water and Wastes (U.S. EPA, 1983). 

SW - Test for the Evaluation of Solid Waste, SW-846, U.S. EPA, September 1986, Update III, June 1997. 
SM - Standard Methods for Examination of the Water and Wastewater, 18th ed. (APHA, 1992). 
ASTM - Annual Book of ASTM Standards, American Society of Testing and Materials, 1995. 

2  Expressed as the acceptable deviation from the Scale. 
3  Expected based on equipment manufacturer specifications. 
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A T T A C H M E N T  H-1 
 

Standard Operating Procedures for Laboratory Analyses 
Soil and Water  

(on CD) 

   



ATTACHMENT H-1 
 

Standard Operating Procedures for Laboratory Analysis 
Soil and Water 

 
C O N T E N T S 

 
SOP Section   

1.1.4.1  Preparation of Soil/Sediment Samples for the Analysis of VOC 
1.3.2.2  Analysis of VOCs 
1.3.2.4  Analysis of Low Concentration Volatiles 
2.2.4.3  Extraction of TCLP Leachates for Pesticides/PCBs 
2.2.5.2  Low-Level Preparation for Analysis of PCBs 
2.2.5.3  Analysis of PCBs 
2.5.2.1  Preparation of Water for Analysis of Low-Level Semivolatiles 
2.5.2.2  Extraction of TCLP Leachates for Semivolatiles 
2.5.2.3  Preparation of Soil for Analysis of Low-Level Semivolatiles 
2.5.2.4  Medium Level Preparation for Semivolatiles in Soil 
2.5.2.7  Analysis of Extractable Semivolatiles 
2.6.1  Gel Permeation Chromatography Cleanup of Soil and Water 
2.6.3  Gel Permeation Chromatography of Semivolatile Soil Sample Extracts 
2.6.4  Sulfuric Acid Wash of PCB-Only Hexane Extract 
2.6.5  Automated Florisil Cartridge Cleanup for Pesticide/PCB Analysis 
2.7.6  Synthetic Precipitation Leaching Procedure 
2.8.2  Decanted Percent Moisture in Soil/Sediment Sludge 
3.2.1.5  Digestion Block Preparation of Solid Samples 
3.2.1.6  Inductively Coupled Plasma Atomic Emission Spectroscopy 
3.4.1  Aqueous Sample Cyanide Midi Distillation 
3.4.2  Aqueous Sample Total Distillation and Free Cyanide Midi Distillation 
3.4.5  Cyanide Analysis of Water and Soil/Sediment Distillates 
3.5.8.1  Colorimetric Determination of Hexavalent Chromium 
3.5.8.2  Alkaline Digestion of Solid Matrices for Hexavalent Chromium 
3.5.8.3  Determination of Hexavalent Chromium in Soil Matrices 
4.1  Receiving Samples 
4.3  Checking and Recording pH 
4.6  Storing Samples 
10.1  Glassware Preparation SOP 
10.2  Preparing Glassware for the Inorganics Laboratory 
12.1  Hazardous Waste Disposal 
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CompuChem, a division of Liberty Analytical Corporation 

Instrument Procedure 480B: Analysis of Volatile Organic Compounds in Aqueous and 
Medium/High Concentration Soil Samples by SW-846  

 
 
 
1.0 Scope and Application 
 

This is a general purpose method for the identification and simultaneous measurement of 
purgeable volatile organic compounds in a variety of aqueous matrices following SW-
846 Method 8260B.  It is also used to analyze medium to high level soil samples that 
have been extracted with methanol.  The method is applicable to a wide range of organic 
compounds.  It incorporates Method 5030B and Method 5035 (for medium/high 
concentration soil samples, extracted with methanol).  Target compounds for this method, 
along with their associated internal standards and quantitation ions, are listed in 
Attachment 1.  Note, however, that many of these compounds are not routinely analyzed. 

 
 The reporting limit is the low level calibration standard concentration.  Reporting limits 
for this method are shown in Attachment 2. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

An inert gas (helium) is bubbled through a 5 mL or 25 mL aqueous sample spiked with 
internal standard and surrogate compounds.  For medium/high level soil samples, an 
aliquot (typically 100 μL) of the methanol extract containing surrogates (See SOP 
1.1.4.1) is added to 5 mL nitrogen-sparged reagent water.  The sample is purged in a 40 
mL VOA vial at ambient temperature, causing the purgeable volatile organic compounds 
to be transferred from the aqueous phase to the vapor phase.  The vapor is swept onto a 
sorbent column where the purgeables are trapped.  After purging is completed, the 
sorbent column is heated and back-flushed with the inert gas to desorb the purgeables 
onto a gas chromatograph (GC) wide-bore capillary column.  The GC is temperature-
programmed to separate the purgeables that are then detected with a mass spectrometer 
(MS). 
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CompuChem, a division of Liberty Analytical Corporation 

Note:  For Method 8260B, a heated purge is also allowed. 
 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration. 

 
If the low level standard concentration is not at least three times higher than the 
MDL value, the standard concentration is adjusted upward in order to achieve this 
minimal ratio.  It may be adjusted higher than three times depending on the 
concentration range of the calibration curve and the ability to meet method 
linearity requirements.   

 
3.3 Reporting Units – µg/L for water and µg/Kg for soil 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The DoD-QSM and South Carolina Department of Health and 

Environmental Control (SC DHEC) do not accept the SDG 
approach, unless the samples are prepared in a single batch.  When 
a group of up to 20 field samples of a similar matrix are prepared as 
one batch, method-specified QC samples such as a method blank, 
laboratory control sample, matrix spike, matrix spike duplicate, and 
matrix duplicate must also be prepared together at a rate of 5% for 
the DoD-QSM and 10% for the SC DHEC.  If samples are batched 
together from different sites, project-specific QC must be processed. 

 
3.5 SC DHEC – South Carolina Department of Health and Environmental Control 

 
3.6 DoD-QSM – Department of Defense Quality Systems Manual 
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3.7 Marginal Exceedance – Beyond the LCS control limit but within the 

marginal exceedance limits (set at 4 standard deviations around the mean).  
This outside boundary prevents a grossly out-of-control LCS from passing. 

 
4.0 Interferences 
 

4.1 Impurities in the purge gas or methanol, organic compounds out-gassing from the 
plumbing ahead of the trap, and solvent vapors in the laboratory account for the 
majority of contamination problems.  Gas lines from the gas tanks to the 
instrument must be either stainless steel or copper tubing.  Non- 
polytetrafluoroethylene (PTFE) thread sealants, or flow controllers with rubber 
components are not to be used.  When potential interfering peaks are noted in 
laboratory method blanks, it may be necessary to reduce solvent contamination in 
the laboratory, purge the methanol used to prepare standard solutions, purge the 
DI water with helium or nitrogen, change the purge gas source, or regenerate the 
molecular sieve purge gas filter. 

 
4.2 Samples can be contaminated by diffusion of purgeable organics (particularly 

methylene chloride, fluorocarbons, and other common laboratory solvents) 
through the septum seal into the sample during storage and handling.  Therefore, 
these samples are stored in GC/MS VOA laboratory refrigerators; separate from 
laboratory standards, and they must be analyzed in a room in which the 
atmosphere is demonstrated to be free of all potential contaminants that will 
interfere with the analysis.  Because methylene chloride will permeate PTFE 
tubing, all GC carrier gas lines and purge gas plumbing are to be constructed from 
stainless steel or copper tubing. 

 
4.3 Contamination by carryover can occur whenever a sample is analyzed after a 

sample that contains high levels of organic compounds.  Whenever an unusually 
concentrated sample is encountered, it must either be followed by analysis of an 
instrument blank or the next sample must be closely monitored to check for cross-
contamination.  For samples containing large amounts of water soluble materials, 
suspended solids, high boiling compounds, or high purgeable levels, it may be 
necessary to clean the purge and trap apparatus.  Do so by purging a 10-20% 
methanol solution, followed by baking the purge and trap apparatus and the 
analysis of a DI water blank to confirm that the system is free from 
contamination.  The trap and other parts of the system are also subject to 
contamination; therefore, frequent bake out and purging of the entire system may 
be required. 
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4.4 Instrument Problems/Preventative Maintenance 
 

Instrument problems may interfere with the analysis.  If a low response is 
observed for the early eluting compounds such as the gases, replacement of the 
trap or septum may be necessary.  In addition, adjustments to the purge flow may 
be necessary to achieve a desired response for these compounds.  If such 
adjustments do not help, it may be necessary to check the fittings on the purge 
and trap device and on the column for leaks.  This is done with a helium leak 
detector and certain software utility programs.  Column maintenance or 
replacement may be necessary if peak tailing or broad chromatographic peaks are 
observed. 

 
5.0 Safety 
 

5.1 The toxicity and carcinogenicity of many chemicals used in this method have not 
been precisely determined.  Each chemical should be treated as a potential health 
hazard.  Exposure to these chemicals should be minimized.  Preparation of 
calibration standards, blanks, and samples is performed in a fume hood to 
minimize risk. 

 
5.2 The following method analytes have been tentatively classified as known or 

suspected human or mammalian carcinogens: benzene, carbon tetrachloride, 1,2- 
dichloroethane, 1,1,2,2-tetrachloroethane, 1,1,2- trichloroethane, chloroform, 1,2-
dibromoethane, trichloroethene, and vinyl chloride. 

 
5.3 Appropriate protective equipment and clothing must be used under the 

assumption that all samples are potentially hazardous.  During sample 
preparation, safety glasses, gloves and lab coats are a minimum requirement.  The 
persistent presence of noxious odors may be indicative of failure of the laboratory 
ventilation system and must be reported to a supervisor or manager. 

 
5.4 Laboratory staff are encouraged to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets (MSDS) for solvents and 
reagents used in the laboratory.  The MSDS are located in the Quality Assurance 
department. 

 
6.0 Equipment & Supplies 
 

6.1 Syringes 
 

6.1.1 1 mL Hamilton syringe  
 

6.1.2 500 μL Hamilton syringe  
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6.1.3 100 μL Hamilton syringe  

 
6.1.4 50 μL  Hamilton syringe 

 
6.1.5 25 μL Hamilton syringe 

 
6.2 Volumetric Flasks and Pipets 

 
6.2.1 Assorted volumetric flasks ranging from 50 mL to 1000 mL 

 
6.2.2 10 mL graduated pipette in 1/10 mL graduations 
 
6.2.3 One mL mininert vials 

 
6.3 Analytical Column 

 
6.3.1 Supelco SPB-624 75 m, 0.32 mm ID with 1.8 μm film thickness  

 
6.3.2 Restek RTX-VMS 20 m, 0.18 mm ID with 1 μm film thickness 

 
6.4 GC/MS 

 
6.4.1 The MS scans 35-300 amu at 0.7 second scan time in the electron impact 

mode at 70 eV (nominal). 
 

6.4.2 Finnigan INCOS 500 mass spectrometers 
 

6.4.3 Hewlett Packard 5890 GC 
 

6.4.4 Hewlett Packard 6890 GC 
 

6.4.5 Hewlett Packard 5972 and 5973 Mass Selective Detectors (MSD) 
 

6.4.6 Varian 3400 GC 
 

6.5 Interface (GC to MS) 
 

6.5.1 Type: 
 

6.5.1.1 Jet separator (Finnigan INCOS 500) 
 

6.5.1.2 Direct capillary interface (HP 5972 and 5973 MSD) 
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    6.5.2 Temperature: 250° C 
 

6.6 Data System 
 

6.6.1 A computer is interfaced to the mass spectrometer to allow the continuous 
acquisition and storage on machine-readable media of all mass spectra 
obtained throughout the duration of the chromatographic program. 

 
6.6.2 The data processing software searches any GC/MS data file for ions of a 

specified mass and plots abundance versus time or scan number.  This 
type of plot is defined as an Extracted Ion Current Profile (EICP).  The 
software integrates the abundance in any EICP between specified time or 
scan number limits.  Also, for the non-target compounds, the software 
compares sample spectra against reference library spectra. The reference 
library used is the NIST Mass Spectral Library. 

 
6.6.3 For data acquisition, the INCOS 500 systems use Prolab acquisition 

software on Pentium computers. 
 

6.6.4 For data acquisition, the Hewlett Packard systems use ChemStation 
software on Pentium computers. 

 
6.6.5 For data processing, the Hewlett Packard HP 9000 series 735 Unix 

Workstation employing Target3 and Envision software by Thru-Put 
Systems is used. 

 
6.6.6 Data is stored on the Target3 processing system on a short-term basis.  

Data is stored on a log-term basis on data servers. 
 

6.9 Purge and Trap 
 

6.9.1. Archon Model 5100, 4552 Purge and trap autosampler 
interfaced directly to a Tekmar 3000 Purge and Trap 
Concentrator 

 
6.9.2 Supelco K (Carbopak B, Carboxen 1000 and 1001) 

 
 
 
7.0 Reagents and Standards 
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7.1 Reagent Water-All water used in this procedure must be equivalent to ASTM 
Type II water (as it relates to specific conductance and specific resistance) which 
is subsequently purged with an inert gas and demonstrated to meet the blank 
contamination acceptance criteria contained in this Standard Operating Procedure 
(SOP).  It is referred to throughout the remainder of this SOP as DI water. 

 
7.2 Methanol (B&J Scientific, purge and trap grade) 

 
7.3 Tuning Standard 

 
7.3.1 4-Bromofluorobenzene - Standard ID# 7008 at 25 μg/mL.  2 μL yielding 

50 ηg on column, are injected onto the column every 12 hours. 
 
 7.3.1.1 Prepare the standard by adding 50 μL Restek VOA Tuning Mix 

5000 μg/mL) to an amount of purge and trap grade methanol in a 
10 mL volumetric flask and bring to volume. 

 
 7.4.1.2 Prepare this standard monthly. 

 
7.4 Calibration Standards 

 
7.4.1 For the initial calibration, the internal standard solution is added 

automatically by the Archon Purge and Trap Autosampler.  For all 
subsequent analyses, both the internal standard and the surrogate solutions 
are added automatically by the Archon autosampler. 

 
 Standard Preparation 

 

Std. ID 
TCL4-High 

005 
μg/L 

010 
μg/L 

020 
μg/L 

050* 
μg/L 

100 
μg/L 

200 
μg/L 

8260 I.S. 5.0 μL 5.0 μL 5.0 μL 5.0 μL 5.0 μL 5.0 μL 
8260 S.S. 1.0 μL 2.0 μL 5.0 μL 10.0 μL 15.0 μL 20.0 μL 
TCL4-1&2 1.0 μL 2.0 μL 4.0 μL 10.0 μL 20.0 μL 40.0 μL 
TCL4-gases 1.0 μL 2.0 μL 4.0 μL 10.0 μL 20.0 μL 40.0 μL 
TCL4-ketones 1.0 μL 2.0 μL 4.0 μL 10.0 μL 20.0 μL 40.0 μL 
TCL4-AppIX 1.0 μL 2.0 μL 4.0 μL 10.0 μL 20.0 μL 40.0 μL 

* Continuing Calibration level 
 

   7.4.1.1 To prepare the standards at the concentrations shown in the column 
headers of preceding table , add the μL amount of standard shown 
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to a 100 mL volumetric flask containing nitrogen sparged DI water, 
then bring up to volume. 

 
Alternatively, the standards may be prepared at the above 
concentrations by diluting the 200 μg/L standard directly into the 
purge and trap impingers.  Dilute as follows: 
 
 For a 100 μg/L standard, add 2.5 mL to 5 mL DI water; 
 For a 50 μg/L standard, add 1.25 mL to 5 mL DI water; 
 For a 20 μg/L standard, add 0.50 mL to 5 mL DI water; 
 For a 10 μg/L standard, add 0.25 mL to 5 mL DI water; 
 For a 5 μg/L standard, add 0.125 mL to 5 mL DI water. 

 
For a 25 mL purge analysis, increase both volumes by a factor of 5 
when preparing standards by making dilutions. 
 
Note: For samples submitted to meet the regulatory requirements 

of the State of South Carolina, this initial calibration curve 
must include a standard at 2 μg/L. 

 
7.4.1.2 The concentration of the compounds in the TCL4-1 & 2 High 

standard is 500 μg/mL.  See Attachment 5 for the composition of 
this standard. 

 
 7.4.1.2.1 Prepare the standard by adding 1.25mL Restek 502.2 VOA 

2000 MegaMix (2000 μg/mL) to an amount of purge and 
trap grade methanol in a 5 mL volumetric flask and bring 
to volume. 

 
 7.4.1.2.2 Prepare this standard every three months. 
 
7.4.1.3 The concentration of the compounds in the TCL4-gases High 

standard is 500 μg/mL.  See Attachment 5 for the composition of 
this standard. 

 
 7.4.1.3.1 Prepare each standard by adding 1.25 mL Restek 502.2 

Calibration Mix #1 (2000 μg/mL) to an amount of purge 
and trap grade methanol in a 5 mL volumetric flask and 
bring to volume. 

 
 7.4.1.3.2 The method states that this standard usually needs to be 

replaced weekly, unless the standard manufacturer 
recommends otherwise, or unless the acceptability of the 
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standard can be documented.  This standard has generally 
proven to be more stable in the laboratory.  The gas 
standard can be used for longer than a week if the gases in 
the continuing calibration (CCV) standard meet the CCV 
requirements when compared to the initial calibration 
standards that contain a gas standard that has been 
prepared within a one week holding time.  Prepare this 
standard monthly, or more frequently as need dictates, or 
when degradation is evident rendering the standard 
unacceptable. 

 
7.4.1.4 The concentration of the compounds in the TCL4-ketones standard 

is 500 μg/mL, 1250 μg/mL, or 5000 μg/mL.  See Attachment 5 for 
the composition of this standard. 

 
 7.4.1.4.1 Prepare the standard by transferring AccuStandard custom 

VOA Mix #2 to a mininert vial. 
 
 7.4.1.4.2 Replenish this standard as needed and replace every three 

months. 
 

7.4.1.5 The concentration of the compounds in the TCL4-AppIX standard is 
500 μg/mL, 5000 μg/mL, or 25000 μg/mL.  See Attachment 5 for 
the composition of this standard. 

 
 7.4.1.5.1 Prepare the standard by transferring AccuStandard custom 

VOA Mix #1 to a mininert vial. 
 

7.4.1.5.2 Replenish this standard as needed and replace every 
three months. 

 
7.5 Standard Storage 

 
7.5.1 Store the stock standards in Teflon- sealed screw-cap bottles with zero 

headspace at -10° C to -20° C.  Protect the standards from light.  Standards 
for gases usually need to be replaced after one week or as recommended 
by the manufacturer, unless the acceptability of the standard can be 
documented.  Standards for the non-gases should be monitored and fresh 
standards prepared if a 20% drift is experienced.  These standards need to 
be replaced after six months or as recommended by the manufacturer, 
unless the acceptability of the standard can be documented.  CEVE and 
styrene may have to be prepared more frequently. 
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7.5.2 Store secondary dilution standards in Teflon®-sealed screw-cap bottles 
with minimal headspace at -10° C to -20° C.  Protect the standards from 
light.  The secondary dilution standards must be checked frequently for 
signs of degradation or evaporation, especially just prior to their use in 
preparing the working calibration standards.   

 
7.5.3 Aqueous working standards must be prepared just prior to analysis unless 

they are to be purged by an autosampler.  When an autosampler is used, 
the standards may be kept up to 12 hours in purge vessels connected via 
the autosampler to the purge and trap device. If premixed certified 
solutions are used store according to manufacturer's documented holding 
time and storage temperature recommendations. 

 
7.5.4 Purgeable standards are stored in GC/MS VOA Freezer #1, separate from 

other standards and samples. 
 
8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control SOPs 
4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are 
also listed. 

 
8.1.1 Note that if 2-chloroethyl vinyl ether (CEVE) is a target compound of 

interest for the project, an unpreserved sample must be analyzed within 7 
days of collection. 

 
8.2 All samples must be analyzed within 14 days of collection.   

 
8.3 Prior to analysis, all samples must be stored under refrigeration at 2 - 4o C in the 

reach-in storage unit in the laboratory.  After analysis, samples are returned to 
Sample Control for long-term storage and disposal. 

 
9.0 Quality Control 
  

9.1 Surrogates 
 
9.1.1 All samples, QC, and standards are spiked with the surrogate standard.  

Surrogates are used to assess the efficiency of the analytical system. 
 
9.1.2 Surrogate compounds must meet the following percent recovery criteria. 

 

Surrogate Compound Aqueous and  
Med./High Conc. Soil 

Aqueous 
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5 mL purge 25 mL purge 
Dibromofluorobenzene 71-141 65-150 
1,2-Dichloroethane-d4 70-139 59-150 
Toluene-d8 72-123 61-145 
4-bromofluorobenzene 65-131 63-143 

    
9.1.2.1 The same surrogates and recovery criteria are to be used for 

samples submitted to meet the regulatory requirements of the 
State of South Carolina. 
 

9.1.2.2 The following table contains the surrogate recovery limits 
required by the DoD-QSM.  

 

Surrogate Compound Aqueous Solid 
Dibromofluorobenzene 85-115 N/A 
1,2-Dichloroethane-d4 70-120 N/A 
Toluene-d8 85-120 85-115 
4-Bromofluorobenzene 75-120 85-120 

 
9.2 Internal Standards 

 
9.2.1 The integrated areas of the quantitation ions of the internal standards are 

monitored in continuing calibration verification checks, samples, and QC 
for a change in retention time and response or sensitivity.  These should 
remain reasonably constant over time. 
 
9.2.1.1 Internal standard retention time and area responses must be 

assessed in each continuing calibration verification standard by 
comparison to the corresponding internal standard in the most 
recent initial calibration mid-point standard.  Internal standard 
responses in samples and QC are compared to the most recent 
continuing calibration verification. 

 
9.2.2 The area responses of the internal standards must be within 50 - 200% 

difference of the area responses compared to. 
 

9.2.3 The retention time shift for the internal standards must be less than 30 
seconds. 
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9.2.4 If any of these criteria cannot be met, the analytical system must be 
checked for malfunctions and corrections made.  Re-analysis of any 
affected sample is required. 

 
9.3 Method/Instrument Blanks 

 
9.3.1 Before any samples are analyzed, it must be demonstrated through a 

laboratory reagent blank that the system is free of contamination that 
would prevent the determination of any analyte of concern.  Sources of 
background contamination are glassware, purge gas, sorbents, and 
equipment.  Background contamination must be reduced to an acceptable 
level before proceeding with the next analysis.  In general, background 
contamination from method analytes should be below the reporting limit. 

 
9.3.2 All blanks must be analyzed on a GC/MS system meeting the BFB, initial 

calibration, and continuing calibration verification acceptance criteria. 
 

9.3.3 A method blank is analyzed with each batch of up to 20 samples processed 
as a group within a 12-hour tune.  If more than 20 samples are analyzed in 
a tune batch, a second method blank is required.  Method blanks must be 
analyzed immediately following a valid continuing calibration verification 
analysis.  For SC DHEC a blank is required every 10 samples. 

 
9.3.4 The concentration of the target compounds in the blank must be less than 

the reporting limit for each target compound.   
 

9.3.4.1 The DoD-QSM requires that the target compounds in the 
blank must be at a concentration of <½ the reporting limit 
and < the reporting limit for lab contaminants. 

 
9.3.4.2 The SC DHEC requires that all compounds in the blank be less 

that the reporting limits, except common lab contaminates 
can be twice the reporting limit. 

 
9.3.5 All samples processed within the same 12-hour tune with a method blank 

that does not meet the blank technical acceptance criteria must be 
reanalyzed.  The chromatographic system must be inspected for 
malfunctions, and corrections must be made as required before more 
samples are analyzed. 

 
9.4 Laboratory Control Sample 
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9.4.1 A laboratory control sample (LCS) is prepared and analyzed with each 
tune batch of up to 20 samples.  The LCS and matrix spikes are spiked 
with the same target analytes.  The LCS is spiked at the same 
concentration as the matrix spike.  For SC DHEC the LCS is analyzed 
every 10 samples.  The LCS is spiked with all compounds of interest in 
the project. 

 
9.4.2 The percent recovery criteria, developed from in-house statistical data, for 

the remainder of the analytes in the full LCS are listed in Attachment 3.  
 
9.4.2.1 The LCS control limits required by the DoD-QSM are listed in 

Attachment 6 along with the marginal exceedances. 
 

9.4.2.2 The following table presents the DoD-QSM and 2003 NELAC 
Standards allowed number of marginal exceedances governed 
by the number of compounds spiked into the LCS.   

 
Number of analytes in 

the LCS 
Allowed number of 

Marginal Exceedances 
> 90 5 

71-90 4 
51-70 3 
31-50 2 
11-30 1 
< 11 0 

 
The LCS fails if the more than the allowed number of marginal 
exceedances occur or if a spike recovery is outside of the 
marginal exceedance limits.   

 
9.4.3. Gases and known poor purging compounds 

 
• gases: bromomethane 

chloromethane 
chloroethane 
vinyl chloride 
dichlorodifluoromethane 
trichlorofluoromethane 
 

• acetone 
• 2-butanone 
• carbon disulfide 
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• crotonaldehyde 
• 1,2-dibromo-3-chloropropane 
• 1,4-dioxane 
• isobutyl alcohol 
• 2-hexanone 
• 4-methyl-2-pentanone 
• vinyl acetate 

 
9.4.4 For SC DHEC, an expanded subset of analytes, representative of the 

compounds being reported, is employed and all analytes must have 
recovery limits within 70-130%.  The analytes are: 

 
• vinyl chloride 
• 1,1-dichloroethene 
• methylene chloride 
• 1,1-dichloroethane 
• cis-1,2-dichloroethene 
• 2-butanone 
• carbon tetrachloride 
• benzene 
• trichloroethene 
• 1,2-dichloropropane 
• bromodichloromethane 
• tetrachloroethene 
• chlorobenzene 
• ethylbenzene 
• styrene 
• bromoform 
• 1,4-dichlorobenzene 

  9.4.5 When the LCS fails to meet the acceptance criteria, the entire batch 
associated with it must be re-prepared and reanalyzed. 

 
9.5 Matrix Spikes 

 
9.5.1 A matrix spike and matrix spike duplicate (MS/MSD) are prepared and 

analyzed with every SDG.  For SC DHEC the MS/MSD must be analyzed 
every 10 aqueous samples. 

 
9.5.2 Matrix spikes have the following advisory recovery criteria as shown in 

the following table. 
 



Section No. 1.3.2.2 
Revision No. 11 
Date: February 7, 2006 
Page 16 of 52 

  

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 

Spike Compound 
Aqueous & med./high conc. 

soil 
% Recovery 

1,1-dichloroethene 61-145 
Trichloroethene 71-120 
Benzene 76-127 
Toluene 76-125 
Chlorobenzene 75-130 
All others 50-150 

 
 
9.5.3 Matrix spikes have the following advisory relative percent difference 

(RPD) criteria as shown in the following table. 
 

Spike Compound 
Aqueous & med./high conc. 

soil 
% RPD 

1,1-dichloroethene 14 
Trichloroethene 14 
Benzene 11 
Toluene 13 
Chlorobenzene 13 
All others 25 

 
9.5.4 Most spike compounds should meet these criteria.  If the criteria are not 

met in the MS/MSD but are met in the LCS, the results may be reported 
with the failures attributed to the matrix of the sample.  If the LCS does 
not meet criteria, then all will have to be repeated as discussed above. 

 
9.5.5 To meet the requirements of the DoD-QSM, the duplicate matrix 

spikes should meet the LCS control limits listed in Attachment 6.  The 
RPD between the duplicate matrix spike should be ≤ 30%. 

 
9.5.5.1 If the duplicate matrix spikes fail DoD-QSM acceptance 

criteria, contact the client for guidance. 
 

9.5.5.2 If original sample results are associated with failing duplicate 
matrix spikes, qualify the results in the narrative as estimated 
concentrations.  Refer to the DoD-QSM “J” flag. 
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9.6 Duplicates 

 
9.6.1 Duplicates, at a frequency of 10%, are required when processing samples 

submitted to meet the regulatory requirements of SC DHEC.  This can be 
satisfied with the MS/MSD. 

 
9.7 Initial Calibration Verification 

 
9.7.1 A second source initial calibration verification (ICV) standard is run after 

the initial calibration standards have met criteria. 
 

9.7.2 The ICV must be within 20% of its expected value for each target analyte 
and surrogate or within 40% for the poor purgers and the gases.  Sporadic 
failure of up to three target compounds is allowed but they must not 
exceed 40% of their expected value; gases and poor purgers are listed 
above. 

 
9.7.2.1 To meet the requirements for the DoD-QSM, the ICV must be 

≤ 25% of its expected value for each target analyte. 
 

9.7.3 If the ICV fails to meet the criteria in 9.7.2 or 9.7.2.1, take corrective 
action and reanalyze the standard.  If the ICV fails again, repeat the 
initial calibration. 

 
 9.8 MDL Studies 
 

9.8.1 On an annual basis and after major maintenance, a method detection 
limit (MDL) study is performed on at least one instrument per method 
and matrix.  When multiple instruments are used, individual instrument 
MDL studies may be replaced by the analysis of an MDL check sample.  
The MDL check sample must be analyzed on all instruments, to 
demonstrate equivalent sensitivity. 

 
9.8.1.1 The DoD-QSM requires that the MDL check sample is prepared 

at about 2x the MDL and is analyzed on a quarterly basis for each 
matrix.  A response must be detected in the 2x MDL check sample.  
Additionally, qualifying ions of 50% or higher must also be 
present.  For more information on MDL studies, refer to QC SOP 
13.11, “Performing Annual Method Detection Limit (MDL) 
Studies.” 

 
9.9 Contingency 
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9.9.1 If due to a lab accident or to QC failures, a re-preparation and 

analysis are required for the sample and insufficient sample volume 
remains, the Project Manager must be alerted and will contact the 
client for direction on how to proceed. 

 
9.9.2 If persistent contamination occurs in the laboratory, analysis must be 

halted until the source of the contamination can be identified and 
isolated.  When the contamination issue is resolved, samples analysis 
may proceed. 

 
9.9.3 Refer to the corresponding Data Review SOP (number will vary 

among sections) for information on how to handle reporting of data 
that are unacceptable or out-of-control. 

 
9.9.4 Any other issues that potentially effect data quality should also be 

addressed with the Project Manager. 
 
10.0 Calibration & Standardization 
 

10.1 BFB Tuning 
 

10.1.1 The analysis of the instrument performance check solution is performed 
by injecting 50 ng of BFB (2 μL STD ID#7008) into the GC using a 10 
μL Hamilton syringe.  BFB may be analyzed simultaneously with a 
continuing calibration verification standard as long as all QC criteria are 
met. 

 
10.1.2 The peak selection criteria for BFB analysis are as follows (in order of 

performance): 
 

10.1.2.1 Average one scan prior to the apex of the BFB peak to one scan 
after the apex, subtracting a single background scan prior to the 
peak, but no more than 20 scans prior to the elution of BFB.  
Also, do not subtract part of the BFB peak. 

 
10.1.2.2 Choose the apex of the BFB peak only and include background 

subtraction.  
 

Note: Background subtraction is performed to eliminate 
interference and when performed, the subtracted scan 
must be no more than 20 scans prior to the elution of the 
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BFB and no scans within the BFB peak may be 
subtracted. 

 
10.1.2.3 Choose a single scan or a range of scans within the BFB peak 

and include background subtraction.  
  

10.1.3 The analysis of the instrument performance check solution must meet the 
ion abundance criteria given in the following table. 

 
BFB Key Ions and Ion Abundance Criteria 

 
Mass Ion Abundance Criteria 

50 15-40% of m/z 95 
75 30-60% of m/z 95 
95 Base Peak; 100% relative abundance 
96 5-9% of m/z 95 
173 <2% of m/z 174 
174 >50% of m/z 95 
175 5-9% of m/z 174 
176 >95% but less than 101% of m/z 174 
177 5-9% of m/z 176 

 
 

10.1.4 BFB technical acceptance criteria must be met before any 
standards, samples, or required blanks are analyzed.  GC/MS tuning and 
Mass Calibration forms must be printed and attached to the instrument run 
log page for each tune.  The relative abundance for each ion is calculated 
to two decimal places. 

 
10.1.5 If BFB technical acceptance criteria are not met, retune the GC/MS 

system.  It may also be necessary to clean the ion source, clean the 
quadrupole rods, or take other corrective action to achieve the technical 
acceptance criteria. 

 
10.2 Initial Calibration 

 
10.2.1 Prior to the analysis of samples and required blanks, and after the 

instrument performance check solution (BFB) criteria have been met, each 
GC/MS system must be calibrated at six concentrations to demonstrate 
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instrument sensitivity and the linearity of responses for the purgeable 
target compounds. 

 
10.2.2 Prepare standards according to the Initial Calibration Standard Preparation 

Table 2 in Section 7.4.  All initial calibration standards must be analyzed 
at the concentration levels and frequency described in this SOP on a 
GC/MS system that meets the BFB technical acceptance criteria.   

 
10.2.3 The area response of the characteristic ions in the extracted ion current 

profile (EICP) is tabulated against the concentration for each compound 
and internal standard.  Relative response factors (RRF) are calculated for 
each compound. 

 
10.2.4 Minimum relative response factors for the System Performance Check 

Compounds (SPCC) must be met and are listed in the following table. 
 

Relative Response Factor Criteria for SPCCs 
 

Volatile Compound Minimum RRF 

Chloromethane 0.10 
1,1-dichloroethane 0.10 
Chlorobenzene 0.30 
Bromoform 0.10 
1,1,2,2-tetrachloroethane 0.30 

 
10.2.5 The following Calibration Check Compounds (CCC) have maximum % 

RSD criteria of ≤ 30%.   
 

• 1,1-dichloroethene 
• chloroform 
• 1,2-dichloropropane 
• toluene 
• ethylbenzene 
• vinyl chloride 

 
10.2.5.1 The remaining compounds must have an RSD of ≤ 15%.  If 

the % RSD is 15% or less, the average relative response factor 
may be used for quantitation.  If the % RSD is greater than 15% 
then an alternate method for quantitation, such as a linear 
calibration using least squares regression or quadratic fit, may 
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be used.  When one of these options is used, the line must not be 
forced through the origin.  

 
If the linear or quadratic regression fit is used, the 
correlation coefficient must be ≥ 0.990.  These alternate 
methods of quantitation are available in the ThruPut system. 

 
Note: The DoD-QSM requires that the linear least squares 

regression correlation coefficient must be ≥ 0.995 and 
does not allow the used of quadratic fit. 

 
10.2.5.2 If the initial calibration does not meet the criteria above, 

corrective action is necessary.   
 

• Check the instrument operating conditions and perform 
maintenance as necessary.  It may be necessary to clean the 
ion source, perform column maintenance, change the 
column, service the purge and trap device, or take other 
corrective action to achieve the technical acceptance 
criteria. 

 
• Compare responses for the analyte in each of the standard 

levels to verify that a single standard analysis is not 
presenting results significantly higher or lower then the 
other standard analyses, as this would indicate that the 
standard solution was prepared in error.  If that is the 
case, re-prepare and reanalyze the standard. 

 
10.2.6 The initial calibration may still be acceptable when some analytes exceed 

the 15% RSD criteria, if the following conditions are met and allowed by 
the client: 

 
• The mean of all %RSD values for the analytes (grand mean) is less 

than or equal to 15%. 
 

• All analytes in the calibration standard must be included in the 
calculation. 

 
• Non-CCC target compounds have a warning limit of 50% RSD and an 

action limit of 90% RSD when the “grand mean” approach is used.  
These limits have been inserted as default values into the data 
reduction software program.  This is based strictly on established U.S. 
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EPA data validation guidelines where values greater than 90% RSD 
result in rejection of data. 

 
10.2.6.1 A summary of the initial calibration data and/or a list of the 

analytes not meeting the 15% RSD criteria with their actual 
%RSD must be included as a deliverable to our client.  If the 
conditions in 10.2.7 are met, then the average relative response 
factor may be used to determine the concentration of analytes in 
samples. 

 
Note: For samples submitted to meet the regulatory 

requirements of both the State of South Carolina and 
the DoD-QSM,  the grand mean option is not allowed.  

 
10.2.7 The initial calibration verification must be analyzed after each initial 

calibration and must meet the acceptance criteria.  If the ICV fails, then a 
new initial calibration curve must be generated. 

 
10.3 Continuing Calibration Verification 

 
10.3.1 Before the analysis of samples and blanks, but after BFB and initial 

calibration acceptance criteria have been met, each GC/MS system must 
be routinely checked by analyzing a continuing calibration verification 
standard.  This standard must contain all purgeable target analytes and 
surrogate compounds.  It is used to ensure that the instrument meets the 
sensitivity and linearity requirements of the method throughout the 
analytical sequence. 

 
10.3.2 A check of the calibration curve must be performed once every 12 hours, 

beginning with the injection of BFB.  A percent difference of the response 
for each compound compared to the mean relative response factor from 
the initial calibration is calculated when performing the average response 
factor model. 

 
10.3.3 The calculated percent difference must be less than or equal to 20% (%D) 

for the CCCs listed above in Section 10.2.5.  Minimum response factor 
criteria for the continuing calibration verification standard are also shown 
in Section 10.2.4. 

 
10.3.3.1 If a regression fit model was used for analytes in the initial 

calibration, the continuing calibration verification is performed 
using percent drift (difference) for the CCCs. 
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10.3.4 As indicated for the initial calibration acceptance criteria, for the 
continuing calibration verification, the remaining target analytes (non-
CCC compounds) do not have defined % difference criteria.  We have 
established a warning limit of 50%D and an action limit of 90%D.  These 
values have been inserted as defaults into the data reduction software 
program.  This is based strictly on established U.S. EPA data validation 
guidelines where values greater than 90% RSD result in rejection of data. 

 
10.3.4.1 For samples submitted to meet the regulatory requirements of the 

State of South Carolina, the non-CCC target analytes should be 
less than 50%. 

 
  10.3.5 If continuing calibration verification acceptance criteria cannot be met 

after inspection and normal maintenance, a new initial calibration will 
have to be performed. 

 
Note: Method 8260B indicates that if the CCCs are not required analytes, 

then all required analytes, must meet the 20% difference criterion.  
Our typical analysis includes all of the CCCs.   

 
11.0 Procedure 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures.  All injections must be recorded on the instrument run log (Attachment 4) 
along with the date, time (use a 24 hour clock), the volume injected, operator ID, and any 
comments relevant to the injection. 

 
All standards, blanks, samples and other required runs must be injected within exactly 12 
hours from the time of the injection of BFB. 

 
11.1 Instrument Software Conventions 

 
11.1.1 Quantitation method: Average response factor 

 
11.1.2 File naming conventions:  

 
11.1.2.1 Name calibration standards and instrument blanks as 

follows: 
 

XXYYMMDDZZ 
 

where: XX =  BF, BG… for BFB file names 
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XX =  CB, CC… for instrument blank file names 
 
XX =  CS, CT… for calibration standards 
 
YY =  two digit year 
 
MM =  two digit month 
 
DD =  two digit day 

 
Y =  shift (A, B, or C indicating 1st, 2nd, or 3rd shift) 
 

ZZ =  two digit instrument number 
 

11.1.2.2 Name sample analyses as follows: 
 

CCN##R# or CCN##D# 
 

where: CCN = work order number designated for the 
sample by LIMs 

 
## = the sample number (typically 01-20) 

 
R# = indicating reanalysis of the sample (R1, 

R2…) 
 
D# = indicating  diluted analysis of the sample (D1, 
D2…) 

 
11.2 Analytical Sequence 

 
11.2.1 Order of analysis for the instrument calibration 

• BFB (tune) 
• initial calibration 
• initial calibration verification 

 
11.2.2 Order of analysis for the twelve-hour tune 

 
• BFB 
• continuing calibration verification 
• instrument blank 
• laboratory control sample 
• samples 
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11.2.3 In some cases, if tune time remains after the initial calibration standards 

have been run, samples may be analyzed as long as they are preceded by 
an acceptable instrument blank and LCS. 

 
11.2.4 All samples must be analyzed on a GC/MS system meeting the BFB, 

initial calibration, continuing calibration verification, and instrument 
blank criteria. 

 
11.3 Preparations 

 
11.3.1 Standards 

 
11.3.1.1 Load the standard solutions onto the purge and trap apparatus.  

Purge for 11 minutes at ambient temperature, or 40° C for heated 
purge, and desorb for 4 minutes, analyzing all target compounds. 

 
11.3.2 Instrument Blank 

 
11.3.2.1 An instrument blank is prepared by filling one 25 mL or 5 mL 

gastight syringe with DI water and spiking with internal standard 
solution and surrogate solution. 

 
11.3.3 Laboratory Control Sample spikes 

 
11.3.3.1 Laboratory control samples (LCS) are prepared at 5.0 μg/L 

with 5 μg/L of surrogates for 25 mL samples and at 50 
μg/L with 50 μg/L of surrogates for 5 mL samples. 

 
11.3.3.2 For certain projects and programs, a full list spike is required. 

 
11.3.4 Samples 

 
11.3.4.1 Liquid samples are collected with zero headspace and provided 

to the laboratory in 40 mL or 60 mL screw-cap vials with Teflon-
lined silicon septa.  To prepare liquid samples for analysis, pour 
the sample into a 5 mL or 25 mL Hamilton gastight syringe.  
Replace the plunger and adjust the volume to 5 mL or 25 mL.  
Spike each 25 mL sample with 2.5 μL of internal standard and 
2.5 μL of surrogate solutions through the bore of the syringe.  
Spike each 5 mL sample with 5 μL of internal standard and 5 μL 
of surrogate solutions.  Inject syringe contents into a 40 mL 
vial and place on the autosampler for analysis. 



Section No. 1.3.2.2 
Revision No. 11 
Date: February 7, 2006 
Page 26 of 52 

  

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 
11.3.4.2 Methanol extracts of medium/high concentration soil samples are 

contained in an autosampler vial capped with a Teflon-faced 
septum.  The vial contains 1 mL of the methanol extract that also 
contains surrogates.  A 5 mL Hamilton gastight syringe is filled 
with DI water and adjusted to 4.9 mL.  The plunger is pulled 
back to 5.0 mL to allow for the addition of the methanol extract 
and internal standard solution.  Add 100 μL of the methanol 
extract and 5.0 μL of internal standard solution to the syringe.  
Based on prior or screening results, if less than 100 μL of the 
methanol extract is required in order to get target analytes within 
the initial calibration range, add an additional amount of 
methanol to total 100 μL.  Inject the contents of the syringe 
into a 40 mL vial and place on the autosampler for analysis. 

 
11.3.4.3 For further details, see Sample Preparation Procedure –238, 

“Preparation of Soil/Sediment/Sludge Samples for the Analysis 
of Volatile Organic Compounds by Closed-System Purge and 
Trap.” 

 
11.3.6 Matrix Spikes 

 
11.3.6.1 For matrix spikes, in addition to spiking internal standard 

solution and surrogate solution, also add 5.0 μL of 8260B spike 
solution.  For certain projects, a full target list matrix spikes are 
required.  For medium/high concentration soil samples, the 
spiking solution is added at the time of the methanol extraction. 

 
11.4 Analysis 

 
11.4.1 Purge the sample for 11.0 (± 0.1) minutes. 
 
11.4.2 After purging, the purge and trap apparatus will desorb onto the GC 

column by elevating the trap temperature to 260° C and back-flushing the 
trap with helium for 4 minutes at 20 to 60 mL/minute. 

 
11.4.3 After desorbing, the trap is reconditioned by baking at 260° C for at least 

7 minutes.  When the trap has finished baking and is cool, it is ready for 
the next sample to be purged. 

 
11.4.4 In each analytical run, all analytes must fall below the maximum 

calibration range established by the highest standard in the initial 
calibration.  If an analyte is present at a concentration higher than the 
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highest initial calibration standard, it must be reanalyzed at a lesser 
amount or dilution.  A valid dilution is one in which the compound in 
question falls within the mid and high point calibration standard 
concentration.   

 
11.5 Identification 

 
11.5.1 Target compounds are identified in the samples by analyzing standards 

under the same condition.  Resultant mass spectra are compared to 
established library spectra and GC retention times are compared to 
retention times from the most recent continuing calibration standard.  The 
mass spectrum of the sample compound and a laboratory library-generated 
spectrum must match according to the following criteria. 

 
11.5.1.1 All ions present in the library mass spectrum at a relative 

intensity >10% must be present in the sample spectrum. 
 

11.5.1.2 The relative intensities of ions specified above must agree within 
± 20% between the library and sample spectra. 

 
11.5.1.3 Ions >10% in the sample spectrum but not present in the library 

spectrum must be considered and accounted for. 
 

11.5.2 If a compound analyzed by GC/MS techniques cannot be verified by all of 
the criteria listed above, but in the technical judgment of the mass spectral 
interpretation specialist the identification is correct, then the laboratory 
will report that identification. 

 
11.5.3 Non-target compounds (tentatively identified compounds or TICs) are 

identified by comparing the mass spectra from the TICs to mass spectra 
contained in the National Institute of Standards and Technology (NIST) 
Mass Spectral Library. 

 
11.6 Quantitation 

 
11.6.1 A relative response factor is established for each target and surrogate 

compound during the initial and continuing calibration verification 
procedures.  Quantitation of target analytes is based on the mean relative 
response factor from the initial calibration curve.   

 
11.6.2 Secondary ion quantitation is allowed only when there are sample matrix 

interferences with the primary ion.  If secondary ion quantitation is 
performed, document the reasons in the SDG narrative. 
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11.6.3 TICs are quantified by comparing the mass spectral response from the 

reconstructed ion chromatogram (RIC) for the TIC peaks to the mass 
spectral response for a peak produced by the nearest internal standard 
compound.  A response factor of 1 is assumed. 

 
12.0 Data Analysis and Calculations 
 

Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 

12.1 Calculation of the mean or average of a set of values: 
 

n

X
X

n

i
i∑

== 1  

 
where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  

 
12.2 Calculation of the standard deviation of a set of values: 
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12.3 Calculation of percent recovery: 

 
12.3.1 LCS and surrogates: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  

 
12.3.2 Matrix spikes: 

 

100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%

 
12.4 Calculation of % RSD 

 
%RSD

X
= ⎛
⎝⎜

⎞
⎠⎟
×

Standard deviation   100  
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12.5 Calculation of RPD 
 

( )RPD  =  
Value  -  Value 

Value  +  Value 
x

1 2
1 2 2

100  

 
12.6 Calculation of %Difference (%D) 

 

100 x 
value Reference

value ReferenceValue%Diff −
=  

 
12.7 Relative Response Factor 

 

CxxisA
isCxAx

RRF
)(

)(
=  

where: Ax = Area of the characteristic ion (EICP) for the compound to be 
measured 

A(is) = Area of the characteristic ion (EICP) for the specific 
internal standard  

C(is) = Concentration of the internal standard (in μg/l) 
Cx = Concentration of the compound to be measured 

 
12.8 Linear Calibration using Least Squares Regression 

 
  baxy +=  
   
  where:  y = Instrument response (peak area) 
    a = Slope of the line (coefficient of x) 
    x = Concentration of the calibration standard 
    b = The intercept 
 

12.9 Concentration 
 

12.9.1 The area response of the characteristic ions in the extracted ion current 
profile (EICP) is tabulated against the concentration for each compound 
and internal standard. 

 
12.9.2 Concentration of aqueous samples by GC/MS analysis using relative 

response factor: 
 

))()((
))()((/

VoRRFAis
DfIsAxLg =μ  
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where: Ax = area of the characteristic ion from the EICP for the 
compound to be measured 

Ais = area of the characteristic ion for the EICP for the internal 
standard 

Is = amount of internal standard added (ng) 
RRF = mean relative response factor from initial calibration 

standards 
Vo = volume of water purged in milliliters  
Df = dilution factor.  If no dilution, Df = 1.0 

 
12.9.3 Concentration of medium level soil samples (dry weight basis) by GC/MS 

 

))()()()((
)1000)()()()((/

DVaWsRRFAis
VtDfIsAxkgg =μ  

 
where: Ax, Ais, Is, RRF  are the same as given for water 

 
Df = Dilution factor which, for medium/high concentration soil 

extract is defined by the following formula: 
 

dilutionforusedextracttratedconcenL
solventcleanLdilutionforusedextracttedconcentraL

μ
μμ +  

 
Vt = Total volume of methanol extract, in mL 

 
Note: This is typically 10 mL or 5 mL even though only 1 

mL is transferred to the autosampler vial. 
 

Ws = Weight of soil/sediment sample extracted, in grams (g) 
Va = Volume of the aliquot of methanol extract 

 
Note: Typically this is 100 μL but can be the volume of 

sample extract (not including the methanol added to 
equal 100 μL) in μL added to DI water. 

 
Ws = weight of sample extracted, in grams 
 
D (dry weight)= 100 - % moisture 

100 
 

12.9.4 Concentration of aqueous and soil samples by GC/MS using quadratic 
(second order) fit in Target:  
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 [ ] ( ) ( )[ ]2^21 RspmRspmbny ++=  
 

where: b = constant 
m1 = multiplier for the unsquared term 
m2 = multiplier for the squared term 
x = area of analyte/area of Internal Standard 
n = amount of Internal Standard 
y = concentration in ng on column 
Rsp = area of analyte/area of Internal Standard 

   
Example: Area of acetone = 35659 

Area of IS = 613275 
b = -0.0909161 
m1 = 9.605304 
m2 = 7.132688 
ηg of IS = 250 
response = 35659/613275 = 0.058145 

 
Amount in ηg on column =  

 
( )[ ] gxxg ηη 9.1222^058145.0132688.7058145.0605304.90909161.0250 =++−

 

Concentration (water)
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))(9.122(/
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12.9.5 Concentration of aqueous and soil samples by GC/MS using linear 

regression analysis:  
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where:  As = Area of the target analyte peak in the sample 
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  Ais = Area of the internal standard peak 
  Cs = Concentration of the target analyte in the calibration 

standard 
  Cis = Concentration of the internal standard 
  a = Slope of the line (coefficient of Cs) 
  b = The intercept 
 

Concentration (water)
)(

))((/
Vo

DfCsLg =μ  

 

Concentration (soil)
))((

/
DWs

CsKgg =μ  

 
12.9.6 Tentatively Identified Compound (TIC) Estimation 

 

)()(1)(
))()()(

VoRFxISArea
DfStdAmountTICAreawaterAmountTIC

x  
( x  g/L =μ  

))()(()(1)(
))()()()(

DWsViRFxISArea
VtDfStdAmountTICAreasoilAmountTIC

x   
( x  g/Kg =μ  

where: Area (TIC)  =  area response from RIC for non-target 
compound 

Amount (Std)  =  amount of internal standard added to the 
sample, in μg/L. 

Area (IS)  = area response of the nearest internal 
standard in the reconstructed ion 
chromatogram 

1(RF)  =  assumed response factor of 1 
 

12.10 Calculating Dilutions 
 

12.10.1 The dilution factor for analysis of water samples for volatiles by this 
method is defined as the ratio of the number of milliliters of water 
purged (i.e., Vo above) to the number of milliliters of the original water 
sample used for purging.  For example, if 12.5 mL of sample is diluted 
to 25.0 mL with DI water and purged, Df = 25.0 mL/12.5 mL = 2.0.  If 
no dilution is performed, Df = 1.0. 

 
If a methanol extract contains an analyte that exceeds the high level 
standard a dilution must be performed.  Determine a level of dilution 
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that will result in a value within the upper half of the calibration range.  
This is an acceptable dilution.  Example:  A 10x dilution is performed 
using 1 mL sample plus 9 mL diluent for a total volume of 10 mL.  It 
should be recorded on the run log as “10x (1 mL in 10 mL).” 

13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits  and precision and accuracy for single analyst.  The data are retained by the QA 
department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 “Test Methods for Evaluating Solid Waste: Physical/Chemical Methods”, SW-
846, 3rd Edition, Update III, 12/96, Method 8260B, Methods 5030B and 5035 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th Edition 

(1998), Method 1080 
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16.3 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 

 
16.4 QCSOP: Proper Documentation Procedures 

 
16.5 QCSOP: Numerical Data Reduction 

 
16.6 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.7 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.8 NELAC Standards, June 2003, plus revisions 
 

16.9 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
16.10 Department of Defense Quality Systems Manual for Environmental 

Laboratories, Final Version 3, January 2006 
 
16.11 New York State Environmental Laboratory Approval Program, Certification 

Manual, April 2005, plus revisions. 
 
16.12 CompuChem Quality Manual, Revision 7, Update 1, 12/13/05, plus revisions 

 
16.13 Sample Control SOP 4.1, “Receiving Samples” 

 
16.14 Sample Control SOP 4.6, “Storing Samples” 
 
16.15 QC SOP 13.11, Performing Annual Method Detection Limit (MDL) Studies 

 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data  
 

17.1 Attachment 1 – Target Analyte List 
 

17.2 Attachment 2 – Target Analyte Reporting Limits 
 

17.3 Attachment 3 – In-house Statistical Control Limits 
 
17.4 Attachment 4 – Instrument Run Log 

 
17.5 Attachment 5 – Standard Certificate of Analysis 
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17.6 Attachment 6 – DoD-QSM LCS Control Limits 
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Attachment 1 
 

Volatile Target Compounds 
 

Compounds Internal 
Standard 

Primary 
Quantitation 

Ion 

Secondary 
Quantitation 

Ion(s) 
dichlorodifluoromethane 1 85 87 
chloromethane 1 50 52 
vinyl chloride 1 62 64 
bromomethane 1 94 96 
chloroethane 1 64 66 
trichlorofluoromethane 1 101 103 
diethyl ether 1 74 45, 59 
1,1-dichloroethene 1 96 61, 98 
methylene chloride 1 84 49, 86 
trans-1,2-dichloroethene 1 96 61, 98 
1,1-dichloroethane 1 63 65, 83 
2,2-dichloropropane 1 77 97 
cis-1,2-dichloroethene 1 96 61, 98 
bromochloromethane 1 128 49, 130 
chloroform 1 83 85, 47 
1,1,1-trichloroethane 1 97 99, 61 
carbon tetrachloride 1 117 119, 121 
1,1-dichloropropene 1 75 110, 77 
benzene 1 78 77, 51 
1,2-dichloroethane 1 62 98, 64 
trichloroethene 1 130 95, 97 
1,2-dichloropropane 1 63 39, 41 
dibromomethane 1 174 93, 95 
bromodichloromethane 1 83 85, 127 
2-chloroethyl vinyl ether 1 63 65, 106 
cis-1,3-dichloropropene 1 75 77, 110 
acrolein 1 56 55, 38 
iodomethane 1 142 127, 141 
1,1,1-trichloro-2,2,2,-trifluoroethane 1 117 151, 153 
1,1,2-trichloro-1,2,2,-trifluoroethane 1 85 101, 151 
carbon disulfide 1 44 78, 76 
acetone 1 43 58 
3-chloropropene 1 39 41, 76 
acetonitrile 1 41 39, 38 
acrylonitrile 1 53 52, 51 
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Attachment 1 (continued) 
 

Volatile Target Compounds 
 

Compounds Internal 
Standard 

Primary 
Quantitation 

Ion 

Secondary 
Quantitation 

Ion(s) 
methyl-tert-butyl ether 1 73 41, 43 
vinyl acetate 1 43 86 
2-butanone 1 43 57, 72 
propionitrile 1 54 55, 52 
methacrylonitrile 1 41 39, 67 
1,4-dioxane 1 88 58 
methylmethacrylate 1 69 100, 41 
Surrogate #1:  dibromofluoromethane 1 113 111, 192 
Surrogate #2:  1,2-dichloroethane-d4 1 65 102, 67 
4-methyl-2-pentanone 2 43 85, 100 
toluene 2 92 91 
trans-1,3-dichloropropene 2 75 77, 110 
1,1,2-trichloroethane 2 97 83, 85 
ethylmethacrylate 2 69 41, 99 
tetrachloroethene 2 164 168, 129 
1,3-dichloropropane 2 76 78 
2-hexanone 2 43 58, 71 
dibromochloromethane 2 129 127, 48 
1,2-dibromoethane 2 107 109, 81 
chlorobenzene 2 112 114, 77 
1,1,1,2-tetrachloroethane 2 131 119, 133 
ethylbenzene 2 106 91 
m,p-xylene 2 106 91 
o-xylene 2 106 91 
styrene 2 104 78, 103 
bromoform 2 173 175, 254 
isopropyl benzene 2 105 120 
bromobenzene 2 156 77,158 
1,1,2,2-tetrachloroethane 2 83 85, 131 
1,2,3-trichloropropane 2 110 75, 112 
trans-1,4-dichloro-2-butene 2 53 88, 90 
Surrogate #3: d8-toluene 2 98 70, 100 
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Attachment 1 (continued) 
 

Volatile Target Compounds 
 

Compounds Internal 
Standard 

Primary 
Quantitation 

Ion 

Secondary 
Quantitation 

Ion(s) 
n-propyl benzene 3 91 120 
2-chlorotoluene 3 126 91 
4-chlorotoluene 3 126 91 
1,2,4-trimethyl benzene 3 105 120 
1,3,5-trimethyl benzene 3 105 120 
Pentachloroethane 3 167 130, 165 
sec-butyl benzene 3 105 134 
1,2-dichlorobenzene 3 146 111, 148 
1,3-dichlorobenzene 3 146 111, 148 
1,4-dichlorobenzene 3 146 111, 148 
n-butyl benzene 3 91 92, 134 
tert-butyl benzene 3 119 91, 134 
p-isopropyl toluene 3 119 134, 91 
1,2-dibromo-3-chloropropane 3 157 75, 39 
1,2,4-trichlorobenzene 3 180 182, 145 
hexachlorobutadiene 3 225 223, 227 
naphthalene 3 128 64, 51 
1,2,3-trichlorobenzene 3 180 182, 145 
Surrogate #4: 
4-bromofluorobenzene 3 95 174, 176 

Internal Standard #1: 
fluorobenzene NA 96 70 

Internal Standard #2: 
chlorobenzene-d5 

NA 117 82, 119 

Internal Standard #3: 
1,4-dichlorobenzene-d4 

NA 152 150 
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Attachment 2 
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Attachment 2 (continued) 
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Attachment 2 (continued)  
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Attachment 2 (continued) 
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Attachment 3 
 

Statistical Control Limits for the LCS 
 

Percent Recovery Range   
Compound 

25 mL purge 5 mL purge & med./high conc. 
Soil 

Dichlorodifluoromethane 50-150 50-150 
Chloromethane 50-150 51-150 
Vinyl chloride ²  61-150 54-136 
Bromomethane 50-150 59-150 
Chloroethane 54-150 55-150 
Trichlorofluoromethane 56-150 55-150 
1,1-dichloroethene ¹, ² 74-143 70-130 
Carbon disulfide 50-150 66-146 

1,1,2-trichloro-1,2,2,-
fluoroethane 78-150 59-138 

Methylene chloride ² 50-139 72-123 
trans-1,2-dichloroethene 50-137 39-130 
Methyl-tert-butyl ether 68-134 62-135 
1,1-dichloroethane ² 59-138 70-126 
cis-1,2-dichloroethene ² 69-140 70-131 
2-butanone ² 65-134 64-127 
Chloroform 67-147 65-133 
1,1,1-trichloroethane 71-137 69-134 
Carbon tetrachloride ² 68-145 70-139 
Benzene ¹, ² 68-138 69-130 
1,2-dichloroethane 61-150 67-133 
Trichloroethene ¹, ² 55-150 72-130 
1,2-dichloropropane ² 67-137 73-123 
Bromodichloromethane ² 73-142 71-126 
cis-1,3-dichloropropene 74-134 63-136 
4-methyl-2-pentanone 66-127 51-141 
Toluene ¹ 60-142 61-131 
trans-1,3-dichloropropene 66-130 60-140 
1,1,2-trichloroethane 68-130 63-131 
Tetrachloroethene ² 65-137 78-136 
2-hexanone 53-140 50-143 
Dibromochloromethane 68-137 70-129 
1,2-dibromoethane 73-128 61-137 
Chlorobenzene ¹, ² 68-129 76-121 
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Attachment 3 (continued) 
 

Statistical Control Limits for the LCS 
 

Percent Recovery Range 
 

Compound 25 mL 
purge 

5 mL purge & med./high conc. 
Soil 

Ethylbenzene ² 67-127 68-131 
Styrene ² 66-139 73-127 
Bromoform ² 62-139 66-133 
Isopropyl benzene 56-143 62-138 
1,1,2,2-tetrachloroethane 63-122 63-135 
1,3-dichlorobenzene 64-136 79-120 
1,4-dichlorobenzene ² 69-125 79-116 
1,2-dichlorobenzene 71-127 62-143 
1,2-dibromo-3-chloropropane 71-128 57-133 
1,2,4-trichlorobenzene 52-147 57-142 
Xylene (total) 60-140 61-150 

 
Table displays statistical control limits calculated in 2002. 

 
¹ Denotes Ohio VAP spike compounds.  Each recovery must be within established 
control limits. 

 
² SC DHEC spike compounds.  Each of these analytes must be recovered within 70-
130%. 
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Attachment 4 
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Attachment 5 
 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE:  Attachment is subject to change without notice. 
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Attachment 5 (continued) 
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Attachment 5 (continued) 
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Attachment 5 (continued) 
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Attachment 5 (continued) 
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Attachment 5 (continued) 
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Attachment 6 
 

Solid and Aqueous LCS Control Limits for 8260B Required by the DoD-QSM 

Compound 
Aqueous 
Recovery 

Limits 

Aqueous 
Marginal 

Exceedances 

Solid 
Recovery 

Limits 

Solid Marginal 
Exceedances 

Dichlorodifluoromethane 30-155 10-175 70-135 55-145 
Chloromethane 40-125 25-140 50-130 40-140 
Vinyl chloride 50-145 35-165 11-60 45-140 
Bromomethane 30-145 10-165 30-160 10-180 
Chloroethane 60-135 50-145 40-155 20-175 
Trichlorofluoromethane 60-145 45-160 25-185 10-215 
1,1-Dichloroethene 70-130 55-140 65-135 55-150 
Carbon disulfide 35-160 15-185 45-160 30-180 
Methylene chloride 55-140 40-155 55-140 40-155 
trans-1,2-Dichloroethene 60-140 45-150 65-135 55-145 
Methyl-tert-butyl ether 65-125 55-135 N/A N/A 
1,1-Dichloroethane 70-135 50-145 75-125 65-135 
cis-1,2-Dichloroethene 70-125 60-135 65-125 55-135 
2-Butanone 30-150 10-170 30-160 10-180 
Chloroform 65-135 50-150 70-125 65-135 
1,1,1-Trichloroethane 65-130 55-145 70-135 55-145 
Carbon tetrachloride 65-145 55-150 65-135 55-145 
Benzene 80-120 75-130 75-125 65-135 
1,2-Dichloroethane 70-130 60-140 70-135 60-145 
Trichloroethene 70-125 60-135 75-152 70-130 
1,2-Dichloropropane 75-125 65-135 70-120 65-125 
Bromodichloromethane 75-120 70-130 70-130 60-135 
cis-1,3-dichloropropene 70-130 60-140 70-125 65-135 
4-Methyl-2-pentanone 60-135 45-145 45-145 30-165 
Toluene 75-120 70-130 70-125 60-135 
trans-1,3-Dichloropropene 55-140 40-155 65-125 55-140 
1,1,2-trichloroethane 75-152 65-135 60-125 50-140 
Tetrachloroethene 45-150 25-165 65-140 55-150 
2-Hexanone 55-130 45-140 45-145 30-160 
Dibromochloromethane 60-135 45-145 65-130 55-140 
1,2-Dibromoethane 80-120 75-125 70-125 60-135 
Chlorobenzene 80-120 75-130 75-125 65-130 
Ethylbenzene 75-125 65-135 75-125 65-135 
Styrene 65-135 55-145 75-125 65-135 
Bromoform 70-130 60-140 55-135 45-150 
Isopropyl benzene 75-125 65-135 75-130 70-140 
1,1,2,2-Tetrachloroethane 80-130 75-135 55-130 40-145 
1,3-Dichlorobenzene 75-125 65-130 70-125 65-135 
1,4-Dichlorobenzene 75-125 65-130 70-125 65-135 
1,2-Dichlorobenzene 70-120 60-130 75-120 65-125 
1,2-Dibromo-3-Chloropropane 50-130 35-145 40-135 25-150 
1,2,4-Trichlorobenzene 65-135 55-145 65-130 55-140 
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Instrument Procedure 481B: GC/MS Analysis of Low Concentration Volatiles in 
Soil/Sediment/Sludge Samples by SW-846 and NYSASP 

 
1.0 Scope and Application 
 

This is a general purpose procedure for the identification and simultaneous measurement 
of purgeable volatile organic compounds in a variety of solid matrices following Method 
8260B and incorporating Method 5035.  The method is applicable to a wide range of 
organic compounds.  Target compounds that may be analyzed by this method are listed in 
Table 1, Attachment 1, along with their associated internal standards and quantitation 
ions.  Note, however, that many of these compounds are not routinely analyzed. 

 
Method detection limits (MDL) and reporting limits are shown in Attachment 3.  The 
reporting limit is the low level calibration standard concentration. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

Low concentration level volatiles in soil/sediment/sludge samples are analyzed using a 
closed system purge and trap technique (Method 5035).  Field samples are collected in 
vials containing a preservative solution (sodium bisulfate), immediately sealed and 
shipped to the laboratory at 4°C ± 2°C.  Alternatively, an EnCore sampling device (or 
equivalent) is used to obtain a 5g or 25g sample that does not contain headspace.  When 
the EnCore device is used, it is sent refrigerated to the laboratory and, within 48 hours of 
sampling, a weighed aliquot must be transferred to a vial containing a sodium bisulfate 
solution. 

 
A special autosampler is used for the analysis.  This device allows the sample vial to 
remain closed while reagent water and a solution containing internal standards and 
surrogates are injected by a needle through the septum.  The device allows the mixture in 
the sample vial to be stirred, using a magnetic stir bar.  The needle used to pierce the 
septum to deliver the water, internal standards, and surrogates is then the source of an 
inert gas which is introduced at the top of the sample vial.  The same needle has entrance 
holes located above the sample/water level to collect and transfer the headspace onto a 
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sorbent column, where the purgeables are trapped.  The autosampler also provides for 
heating the sample vial to 40°C while the contents are being stirred and the sample 
constituents purged and trapped.  After purging is completed, the sorbent column is 
heated and backflushed with the inert gas to desorb the purgeables onto a gas 
chromatograph (GC) wide-bore capillary column.  The GC is temperature-programmed 
to separate the purgeables that are then detected with a mass spectrometer (MS). 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration. 

 
If the low level standard concentration is not at least three times higher than the 
MDL value, the standard concentration is adjusted upward in order to achieve this 
minimal ratio.  It may be adjusted higher than three times depending on the 
concentration range of the calibration curve and the ability to meet method 
linearity requirements.  An exception to this is for CLP methods where the MDL 
is only required to be lower than the reporting limit. 

 
The reporting limit for CLP is the Contract Required Quantitation Limit (CRQL) 
for organics and the Contract Required Detection Limit (CRDL) for inorganics. 

 
3.3 Reporting Units – ug/kg 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The Army Corps of Engineers (USACE) and SC DHEC do not accept 

the SDG approach, unless the samples are prepared in a single batch.  
When a group of up to 20 field samples of a similar matrix are 
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prepared as one batch, method-specified QC samples such as a method 
blank, laboratory control sample, matrix spike, matrix spike duplicate, 
and matrix duplicate must also be prepared together at a rate of 5%.  If 
samples are batched together from different sites, project-specific QC 
must be processed. 

 
3.5 SC DHEC – South Carolina Department of Health and Environmental Control 

 
4.0 Interferences 
 

4.1 Impurities in the purge gas or methanol, organic compounds out-gassing from the 
plumbing ahead of the trap, and solvent vapors in the laboratory account for the 
majority of contamination problems. Gas lines from the gas tanks to the 
instrument must be either stainless steel or copper tubing.  Non- 
polytetrafluoroethylene (PTFE) thread sealants, or flow controllers with rubber 
components are not to be used.  When potential interfering peaks are noted in 
laboratory method blanks, it may be necessary to reduce solvent contamination in 
the laboratory, purge the methanol used to prepare standard solutions, purge the 
reagent water with helium or nitrogen, change the purge gas source, or regenerate 
the molecular sieve purge gas filter. 

 
4.2 Samples can be contaminated by diffusion of purgeable organics (particularly 

methylene chloride, fluorocarbons, and other common laboratory solvents) 
through the septum seal into the sample during storage and handling.  Therefore, 
these samples are stored in GC/MS VOA laboratory refrigerator #5; separate from 
laboratory standards, and they must be analyzed in a room in which the 
atmosphere is demonstrated to be free of all potential contaminants that will 
interfere with the analysis.  Because methylene chloride will permeate PTFE 
tubing, all GC carrier gas lines and purge gas plumbing are to be constructed from 
stainless steel or copper tubing. 

 
4.3 Contamination by carryover can occur whenever a sample is analyzed after a 

sample that contains high levels of organic compounds.  Whenever an unusually 
concentrated sample is encountered, it must either be followed by analysis of an 
instrument blank or the next sample must be closely monitored to check for cross-
contamination.  For samples containing large amounts of water soluble materials, 
high boiling compounds, or high purgeable levels, it may be necessary to clean 
the purge and trap apparatus by purging a 10-20% methanol solution, followed by 
baking the purge and trap apparatus and the analysis of an instrument blank to 
confirm that the system is free from contamination.  The trap and other parts of 
the system are also subject to contamination; therefore, frequent bakeout and 
purging of the entire system may be required. 
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4.4 Instrument Problems/Preventative Maintenance 

 
4.4.1 If a low response is observed for the early eluting compounds such as the 

gases, replacement of the trap or septum may be necessary.  In addition, 
adjustments to the purge flow may be necessary to achieve a desired 
response for these compounds.  If such adjustments do not help, it may be 
necessary to check the fittings on the purge and trap device and on the 
column for leaks.  This is done with a helium leak detector and certain 
software utility programs. 

 
4.4.2 Column maintenance or replacement may be necessary if peak tailing or 

broad chromatographic peaks are observed. 
 
5.0 Safety 
 

5.1 The toxicity and carcinogenicity of many chemicals used in this method have not 
been precisely determined: each chemical should be treated as a potential health 
hazard.  Exposure to these chemicals should be minimized.  Preparation of 
calibration standards, blanks, and samples is performed in a fume hood to 
minimize risk. 

 
5.2 The following method analytes have been tentatively classified as known or 

suspected human or mammalian carcinogens: benzene, carbon tetrachloride, 1,2- 
dichloroethane, 1,1,2,2-tetrachloroethane, 1,1,2- trichloroethane, chloroform, 1,2-
dibromoethane, trichloroethene, and vinyl chloride. 

 
5.3 Appropriate protective equipment and clothing must be used under the 

assumption that all samples are potentially hazardous.  During sample 
preparation, safety glasses, gloves and lab coats are a minimum requirement.  The 
persistent presence of noxious odors may be indicative of failure of the laboratory 
ventilation system and must be reported to a supervisor or manager. 

 
5.4 Laboratory staff are encouraged to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets (MSDS) for solvents and 
reagents used in the laboratory.  The MSDS are located in the Quality Assurance 
department. 

 
6.0 Equipment & Supplies 
 

6.1 Syringes 
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6.1.1 5-mL Hamilton gastight syringe with Luerlock tip 
 
6.1.2 10-mL Hamilton gastight syringe with Luerlock tip 
 
6.1.3 25-mL Hamilton gastight syringe with Luerlock tip 

 
6.1.4 10-µl Hamilton syringe 

 
6.1.5 1-µl Hamilton syringe 

 
6.2 Volumetric Flasks and Pipets 

 
6.2.1 Assorted volumetric flasks ranging from 50-mL to 1000-mL 

 
6.2.2 10-mL graduated pipet in 1/10-mL graduations 

 
6.3 Vials 

 
6.3.1 40 mL screw-top, PTFE-lined, septum-sealed vials, each containing a 

magnetic stirring bar. 
 
 6.4 Analytical Column 
 

6.4.1 Supelco SPB-624 60-m, 0.32mm ID with 1.8 um film thickness 
 

6.4.2 Restek RTX-VMS 20-m, 0.18mm ID with 1 um film thickness 
 

6.5 Mass Spectrometer (MS) 
 

6.5.1 The MS scans 35-300 amu at 0.7-sec scan time in the electron impact 
mode at 70 eV (nominal). 

 
6.5.2 Hewlett Packard 5890 GC 

 
6.5.3 Hewlett Packard 6890 GC 

 
6.5.4 Hewlett Packard 5972 MSD 

 
6.5.5 Finnigan INCOS 500 mass spectrometers 

 
6.6 Interface (GC to MS) 
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6.6.1 Type: 
 

6.6.1.1 Jet separator 
 

6.6.1.2 Direct capillary interface 
 

6.6.2 Temperature: 250°C 
 

6.6.3 Alternate: column direct to MS 
 

6.7 Data System 
 

6.7.1 A computer is interfaced to the mass spectrometer to allow the continuous 
acquisition and storage on machine-readable media of all mass spectra 
obtained throughout the duration of the chromatographic program. 

 
6.7.2 The data processing software searches any GC/MS data file for ions of 

specified mass and plots abundance versus time or scan numbers.  This 
type of plot is defined as an Extracted Ion Current Profile (EICP).  The 
software integrates the abundance in any EICP between specified time or 
scan number limits.  Also, for the non-target compounds, the software 
compares sample spectra against reference library spectra. The reference 
library used is the NIST Mass Spectral Library. 

 
6.7.3 For data acquisition, The INCOS 500 systems use Prolab software on 

Pentium computers. 
 

6.7.4 For data acquisition, the Hewlett Packard systems use ChemStation 
software on Pentium computers. 

 
6.7.5 For data processing, the Hewlett Packard HP 9000 series 735 Unix 

Workstation employing HP ChemServer with Target3 and Envision 
software by Thru-Put Systems is used. 

 
6.8 Gas Chromatograph 

 
6.8.1 Varian 3400 conditions are listed below: 

 
• Carrier Gas   Helium 

 
• GC mode    Capillary 
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• Injection Port Temp  225°C 
 

• Interface Temperature  225° 
 

• Initial Temperature  0°C 
 

• Final Temperature   185°C 
 

• Column Flow Rate  25 ml/minute 
(10 ml/minute column flow +15 ml/minute makeup gas 

 
6.8.2 The listed column flow rate is approximate.  Flow rate is adjusted to 

optimize linear velocity of an unretained compound (butane) through the 
column. Optimum linear velocity for the column is 30 - 45 cm/second. 

 
6.8.3 GC temperature program 

 
6.8.3.1 This GC program is provided as an example;  parameters may vary 

depending on the equipment. 
 

• 0°C - 0°C for 2 minutes 
 

• 0°C - 105°C @ 7°C/minute 
 

• 105°C-185°C @ 26.7°C/minute 
 

• 185°C-185°C 
 

• Hold until all compounds elute. 
 
6.9 Data Storage 

 
6.9.1 Magnetic tape storage device: The magnetic tape storage device is capable 

of recording data and is suitable for long-term, off-line storage. 
 

6.10 Purge and Trap Autosampler System 
 

6.10.1 Tekmar LSC 
 

6.10.1.1 Tekmar LSC 3000 with glass frit bottom liquid sample purging 
vessel and Luerlock valve. 
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6.10.1.2 The absorption trap must be at least 25 cm long and have an 
internal diameter of at least 0.105 inches (0.2667 cm). 

 
6.10.2 Archon ALS 

 
6.10.2.1 The Archon Model 5100, 4552 Purge and trap autosampler 

interfaces directly to a Tekmar 3000 Purge and Trap 
Concentrator. 

 
6.10.2.2 The autosampler is designed for soil samples and utilizes 40 ml     

VOA vials with low bleed Teflon septa. 
 

6.10.2.3 The Archon ALS has the capacity of up to 51 vials. 
 

6.10.3 Trap Packing 
 

6.10.3.1 Supelco “K” Trap 
 

6.10.3.2 Carbopak B 
 

6.10.3.3 Carboxen 1000 & 1001 
 
7.0 Reagents and Standards 
 

7.1 Reagent Water-All water used in this procedure must be equivalent to ASTM 
Type II water (as it relates to specific conductance and specific resistance) which 
is subsequently purged with an inert gas and demonstrated to meet the blank 
contamination acceptance criteria contained in this Standard Operating Procedure 
(SOP).  It is referred to throughout the remainder of this SOP as DI water. 

 
7.2 Methanol (B&J Scientific, purge and trap grade) 

 
7.3 Sodium bisulfate, NaHSO4 - ACS reagent grade or equivalent 

 
7.4 Tuning Standard 

 
7.4.1 Bromofluorobenzene - Standard ID# 7008 at 25 µg/mL. Two µl, yielding 

50 ng on column, are injected onto the column every 12 hours. 
 
 7.4.1.1 Prepare the standard by adding 50µl Restek VOA Tuning Mix 

5000 µg/ml) to an amount of purge and trap grade methanol in a 10 
ml volumetric flask and bring to volume. 
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 7.4.1.2 Prepare this standard monthly. 

 
7.5 Calibration Standards 

 
7.5.1 For the initial calibration, the internal standard solution is added 

automatically by the Archon Purge and Trap Autosampler.  For all 
subsequent analyses, both the internal standard and the surrogate solutions 
are added automatically by the Archon autosampler. 

 
 Table 2: Standard Preparation 

 
Std. ID 
TCL4-High 

005 
µg/kg 

 

010 
µg/kg 

020 
µg/kg 

050* 
µg/kg 

100 
µg/kg 

200 
µg/kg 

       
8260 I.S. 5.0 µl 5.0 µl 5.0 µl 5.0 µl 5.0 µl 5.0 µl 
8260 S.S. 1.0 µl 2.0 µl 5.0 µl 10.0 µl 15.0 µl 20.0 µl 
TCL4-1&2 1.0 µl 2.0 µl 4.0 µl 10.0 µl 20.0 µl 40.0 µl 
TCL4-gases 1.0 µl 2.0 µl 4.0 µl 10.0 µl 20.0 µl 40.0 µl 
TCL4-ketones 1.0 µl 2.0 µl 4.0 µl 10.0 µl 20.0 µl 40.0 µl 
TCL4-AppIX 1.0 µl 2.0 µl 4.0 µl 10.0 µl 20.0 µl 40.0 µl 

 *Continuing Calibration level 
 

  7.5.1.1 To prepare the standards at the concentrations shown in the column 
headers of Table 2 above, add the µl amount of standard shown to a 
100 ml volumetric flask containing nitrogen sparged DI water, then 
bring up to volume. 

 
Alternatively, the standards may be prepared at the above 
concentrations by diluting the 200 µg/kg standard directly into the 
purge and trap impingers.  Dilute as follows: 
 
� For a 100 µg/kg standard, add 2.5 ml to 5 ml DI water; 
� For a 50 µg/kg standard, add 1.25 ml to 5 ml DI water; 
� For a 20 µg/kg standard, add 0.50 ml to 5 ml DI water; 
� For a 10 µg/kg standard, add 0.25 ml to 5 ml DI water; 
� For a 5 µg/kg standard, add 0.125 ml to 5 ml DI water. 

 
7.5.1.2 The concentration of the compounds in the TCL4-1&2 High 

standard is 500 µg/ml.  See Attachment 5 for the composition of this 
standard. 
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 7.5.1.2.1 Prepare the standard by adding 1.25ml Restek 502.2 VOA 

2000 MegaMix (2000 µg/ml) to an amount of purge and 
trap grade methanol in a 5 ml volumetric flask and bring to 
volume. 

 
 7.5.1.2.2 Prepare this standard every three months. 
 
7.5.1.3 The concentration of the compounds in the TCL4-gases High 

standard is 500 µg/ml.  See Attachment 5 for the composition of this 
standard. 

 
 7.5.1.3.1 Prepare each standard by adding 1.25ml Restek 502.2 

Calibration Mix #1 (2000 µg/ml) to an amount of purge 
and trap grade methanol in a 5 ml volumetric flask and 
bring to volume. 

 
 7.5.1.3.2 The method states that this standard usually needs to be 

replaced weekly, unless the standard manufacturer 
recommends otherwise, or unless the acceptability of the 
standard can be documented.  This standard has generally 
proven to be more stable in the laboratory.  The gas 
standard can be used for longer than a week if the gases in 
the continuing calibration (CCV) standard meet the CCV 
requirements when compared to the initial calibration 
standards that contain a gas standard that has been 
prepared within a one-week holding time. Prepare this 
standard monthly, or more frequently as need dictates, or 
when degradation is evident rendering the standard 
unacceptable. 

 
7.5.1.4 The concentration of the compounds in the TCL4-ketones standard 

is 500 ug/ml, 1250 ug/ml, or 5000 ug/ml.  See Attachment 5 for the 
composition of this standard. 

 
 7.5.1.4.1 Prepare the standard by transferring AccuStandard custom 

VOA Mix #2 to a mininert vial. 
 
 7.5.1.4.2 Replenish this standard as needed and replace every three 

months. 
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7.5.1.5 The concentration of the compounds in the TCL4-AppIX standard is 
500 ug/ml, 5000 ug/ml, or 25000 ug/ml.  See Attachment 5 for the 
composition of this standard. 

 
 7.5.1.5.1 Prepare the standard by transferring AccuStandard custom 

VOA Mix #1 to a mininert vial. 
 
 7.5.1.5.2 Replenish this standard as needed and replace every three 

months. 
 

7.6 Initial Calibration Verification 
 

7.6.1 The initial calibration curve must be verified using a standard from an 
independent source.  The laboratory purchases the initial calibration 
verification (ICV) standard from a different vendor than the one used for 
the calibration standards.  This is prepared in the same manner as 
described above. 

 
7.6.2 The ICV contains the full list of target analytes at the same concentration 

as the continuing calibration verification (CCV) standard. 
 

7.7 Internal Standards 
 
 Compounds in 8260 I.S. (Internal standard) at a concentration of 50 µg/ml (250 

ug/ml for the Archon) 
 

• fluorobenzene 
• D5-chlorobenzene 
• D4-1,4-dichlorobenzene 

 
  7.7.1 Prepare the surrogate spiking solution by adding 0.2 ml Restek 8260A 

ampulated surrogate mix (2500µg/ml) to an amount of purge and trap 
grade methanol in a 10 ml volumetric flask and bring to volume. 

 
  7.7.2 Prepare this standard every three months. 
 

7.8 Surrogate Standard 
 
 Compounds in 8260 S.S. (Surrogate standard) at a concentration of 50 µg/ml (250 

µg/ml for the Archon) 
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• dibromofluoromethane 
• D4-1,2-dichloroethane 
• D8-toluene 
• 4-bromofluorobenzene 

 
  7.8.1 Prepare the surrogate spiking solution by adding 0.2 ml Restek 8260A 

ampulated surrogate mix (2500µg/ml) to an amount of purge and trap 
grade methanol in a 10 ml volumetric flask and bring to volume. 

 
  7.8.2 Prepare this standard every three months. 
 

7.9 Spike Standard 
 
 Compounds in 8260 Spiking Mixture (1001C) at a concentration of 25 µg/mL 

 
• 1,1-dichloroethene 
• trichloroethene 
• benzene 
• toluene 
• chlorobenzene 

 
Note:  The spiking cocktail is project dependent.  This spiking mixture can also 

be used as a Laboratory Control Sample (LCS) spike.  Some projects may 
require full analyte spike, and in that case, the standard used for the full 
analyte spike LCS is the ICV.  For some programs, the CCV may be used 
in the place of the LCS. 

 
7.9.1 Prepare this standard by adding 100 µl Restek VOA Matrix Spike Mix to 

an amount of purge and trap grade methanol in a 10 ml volumetric flask 
and bring to volume. 

 
  7.9.2 Prepare this standard every six months. 
 

7.10 Standard Storage 
 

7.10.1 Store the stock standards in Teflon- sealed screw-cap bottles with zero 
headspace at -10°C to -20°C.  Protect the standards from light.  Standards 
for gases usually need to be replaced after one week or as recommended 
by the manufacturer, unless the acceptability of the standard can be 
documented.  Standards for the non-gases should be monitored and fresh 
standards prepared if a 20% difference/drift is experienced.  These 
standards need to be replaced after six months or as recommended by the 
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manufacturer, unless the acceptability of the standard can be documented.  
CEVE and styrene may have to be prepared more frequently. 

 
7.10.2 Store secondary dilution standards in Teflon-sealed screw-cap bottles with 

minimal headspace at -10°C to -20°C. Protect the standards from light.  
The secondary dilution standards must be checked frequently for signs of 
degradation or evaporation, especially just prior to their use in preparing 
the working calibration standards.  Prepared from stock solution, they are 
stored with minimal headspace and replaced after one week.  Secondary 
standards for gases should be replaced after one week unless the 
acceptability of the standard can be documented. 

 
7.10.3 Working standards must be prepared just prior to analysis unless they are 

to be purged by an autosampler.  When an autosampler is used, the 
standards may be kept up to 12 hours in purge vessels connected via the 
autosampler to the purge and trap device. If premixed certified solutions 
are used store according to manufacturer's documented holding time and 
storage temperature recommendations. 

 
7.10.4 Purgeable standards are stored in GC/MS VOA Freezer #1, separate from 

other standards and samples. 
 
 
8.0 Sample Collection, Preservation, & Storage 
 

8.1 Samples are collected, preserved, and stored according to the tables in Sample 
Control SOPs 4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample 
holding times are also listed. 
 
8.1.1 Note that if 2-chloroethyl vinyl ether is a target compound of interest for 

the project, an unpreserved sample must be analyzed within 7 days of 
collection. 

 
8.2 All samples must be analyzed within 14 days of collection. 
 

NOTE: For NYSASP all samples must be analyzed within 10 days of collection. 
 

8.3 Prior to analysis, all samples must be stored under refrigeration at 2-4.4o C in the 
reach-in storage unit in the laboratory.  After analysis, samples are returned to 
Sample Control for long-term storage and disposal. 

 
9.0 Quality Control 
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9.1 Surrogates 

 
9.1.1 Surrogate compounds are added to all samples, QC, and standards prior to 

analysis.  Surrogates are used to assess the efficiency of the analytical 
system. 

 
9.1.2 Surrogate compounds must meet recovery criteria as shown below 

(Table 3). 
 

Surrogate Compound 
 

Soil 
% Recovery Range 

  
Dibromofluoromethane 33-150% 
D4-1,2-dichloroethane 43-145% 
D8-toluene 55-125% 
4-bromofluorobenzene 46-150% 

 
9.1.2.1 For the NYSASP, the system monitoring compound (surrogate) 

recovery criteria are those in the current EPA CLP SOW for Multi-
Media, Multi-Concentration Organics, shown in the following 
table (Table 4). 

 
The same surrogates and recovery criteria are to be used for 
samples submitted to meet the regulatory requirements of the State 
of South Carolina. 

 
Surrogate Compound 
 

Soil 
% Recovery Range 

  
D4-1,2-dichloroethane 70-121% 
D8-toluene 84-138% 
bromofluorobenzene 59-113% 

 
  9.1.3 Samples with surrogate recovery failures must be re-extracted to confirm a 

matrix effect.  Surrogate recovery failures in method blanks and LCS 
reqire re-extraction of the entire batch.  Similar surrogate failures in the 
MS/MSD and original sample confirm a matrix effect and do not require 
re-extraction. 

 
9.2 Internal Standards 

 
9.2.1 The integrated areas of the quantitation ions of the internal standards are 

monitored in continuing calibration verification checks, samples, and QC 
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for a change in retention time and response or sensitivity.  These should 
remain reasonably constant over time. 

 
Internal standard retention time and area responses must be assessed in each 
continuing calibration verification standard by comparison to the 
corresponding internal standard in the most recent initial calibration mid-
point standard.  Internal standard responses in samples and QC are 
compared to the most recent continuing calibration verification. 

 
9.2.2 The area responses of the internal standards must be within 50-200% 

difference of the area responses compared to. 
 

9.2.3 The retention time for the internal standards must be less than 30 seconds. 
 

9.2.4 If any of these criteria cannot be met, the analytical system must be 
checked for malfunctions and corrections made.  Re-analysis of any 
affected sample is required. 

 
9.3 Method/Instrument Blanks 

 
9.3.1 Before any samples are analyzed, it must be demonstrated that a laboratory 

reagent blank is free from contamination that would prevent the 
determination of any analyte of concern.  Sources of background 
contamination are glassware, purge gas, sorbents, and equipment.  
Background contamination must be reduced to an acceptable level before 
proceeding with the next analysis.  In general, background from method 
analytes should be below the reporting limit. 

 
9.3.2 All blanks must be analyzed on a GC/MS system meeting the BFB, initial 

calibration, and continuing calibration verification acceptance criteria. 
 

9.3.3 A method blank is analyzed with each batch of up to 20 samples processed 
as a group within a 12-hour tune.  If more than 20 samples are analyzed in 
a tune batch, a second method blank is required.  Method blanks must be 
analyzed immediately following a valid continuing calibration verification 
analysis.  For SC DHEC a blank is required every 10 samples. 

 
9.3.4 The concentration of the target compounds in the blank must be less than 

the reporting limit for each target compound.  Except for SC DHEC the  
common lab solvents, methylene chloride and acetone, are allowed to be 
present at less than twice the reporting limit. 
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For NYSASP, the contamination criteria are those presented in the current 
EPA CLP SOW for Multi-Media, Multi-Concentration Organics. 

 
9.3.5 All samples processed within the same 12-hour tune associated with a 

method blank that does not meet the blank technical acceptance criteria 
must be reanalyzed. 

9.3.6 Method interferences caused by contaminants in solvents, reagents, 
glassware, laboratory air, and other sample storage and processing 
hardware that lead to discrete artifacts and/or elevated baselines in gas 
chromatograms must be eliminated.  The chromatographic system must be 
inspected for malfunctions, and corrections must be made as required 
before more samples are analyzed.  An instrument blank is analyzed after 
a high concentration sample in order to eliminate carryover. 

 
9.4 Laboratory Control Sample 

 
9.4.1 A laboratory control sample (LCS, or blank spike, BS, or matrix spike 

blank for NYSASP) is prepared and analyzed with each tune batch of up to 
20 samples.  The LCS and matrix spike are spiked with the same target 
analytes.  For SC DHEC the LCS is analyzed every 10 samples. 

 
9.4.2 The solid LCS is prepared at 50 µg/kg with 50 µg/kg of surrogates. 

 
9.4.3 The percent recovery criteria, developed from in-house statistical data, for 

an optional subset are shown below.  Statistical control limits for the 
remainder of the analytes in the full LCS are listed in Attachment 2.   

 
 
 
 
 
 
 
 
 

   Note:  
This table is subject to change without notice. 
 

9.4.3.1 Gases and known poor purging compounds  
• gases: bromomethane 

chloromethane 
chloroethane 
vinyl chloride 

LCS Spike Compound
 

Percent Recovery Range 
5 gram soil 

 
  
1,1-Dichloroethene 75-138 
Trichloroethene 75-121 
Benzene 75-129 
Toluene 76-119 
Chlorobenzene 78-122 
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dichlorodifluoromethane 
trichlorofluoromethane) 

• acetone 
• 2-butanone 
• carbon disulfide 
• crotonaldehyde 
• 1,2-dibromo-3-chloropropane 
• 1,4-dioxane 
• isobutyl alcohol 
• 2-hexanone 
• 4-methyl-2-pentanone 
• vinyl acetate 
• 2-chloroethyl vinyl ether 

 
9.4.3.2 When the LCS fails to meet the acceptance criteria, the entire 

batch associated with it must be re-prepared and reanalyzed. 
 
For NYSASP, the matrix spike blank recovery criteria are the same 
as the matrix spike criteria shown below.  When the matrix spike 
blank fails criteria it must be re-prepared and re-analyzed along 
with the matrix spikes.  Associated samples are not required to be 
re-processed. 

 
 
9.4.4 For SC DHEC, an expanded subset of analytes, representative of the 

compounds being reported, is employed and all analytes must have 
recovery limits within 70-130%.  The analytes are: 
 
• vinyl chloride 
• 1,1-dichloroethene 
• methylene chloride 
• 1,1-dichloroethane 
• cis-1,2-dichloroethene 
• 2-butanone 
• carbon tetrachloride 
• benzene 
• trichloroethene 
• 1,2-dichloropropane 
• bromodichloromethane 
• tetrachloroethene 
• chlorobenzene 
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• ethylbenzene 
• styrene 
• bromoform 
• 1,4-dichlorobenzene 
 

9.5 Matrix Spikes 
 

9.5.1 A matrix spike and matrix spike duplicate (MS/MSD) are prepared and 
analyzed with every SDG.  The MS/MSD and LCS are spiked with the 
same analytes.  For SC DHEC the MS/MSD must also be analyzed every 
20 soil samples.  

 
9.5.2 For the MS/MSD, in addition to spiking internal standard solution and 

surrogate solution, also add 5.0 µl of 8260 spike solution.  For a full LCS 
requirement, use the ICV standard.  The same ICV standard can be used 
for projects submitted to meet the regulatory requirements of the State of 
South Carolina, but only the 17 analytes presented in 9.4.4 are assessed.  
The spiking solutions are added by piercing the septum with the syringe 
needle. 

 
9.5.3 Matrix spikes have the following advisory recovery criteria as shown in 

Table 6A. 
 
 
 

Spike Compound 
 

% Recovery Range 

  
1,1-dichloroethene 59-172 
trichloroethene 62-137 
Benzene 66-142 
toluene 59-139 
chlorobenzene 78-122 
All others 50-150 

    Note:  This table is subject to change without notice. 
 

9.5.4 Matrix spikes have the following advisory RPD criteria as shown in Table 
6B. 

 
Spike Compound 
 

% RPD 

  
1,1-dichloroethene 22 
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trichloroethene 24 
benzene 21 
toluene 21 
chlorobenzene 21 
All others 25 

    Note:  This table is subject to change without notice. 
 

9.5.5 Most spike compounds should meet these criteria.  If the criteria are not 
met in the MS/MSD but are met in the LCS, the results may be reported 
with the failures attributed to the matrix of the sample.  If the LCS does 
not meet criteria, then all will have to be repeated as discussed above. 

 
9.6 Duplicates 
 

9.6.1 Duplicates, at a frequency of 5%, are required when processing soil 
samples submitted to meet the regulatory requirements of South Carolina 
DHEC.  This can be satisfied with the MS/MSD. 

 
9.7 Initial Calibration Verification 
 

9.7.1 A second source initial calibration verification (ICV) standard is run after 
the initial calibration standards have met criteria. 

 
9.7.2 The ICV must be within 20% of its expected value for each target analyte 

and surrogate or within 40% for the poor purgers and the gases.  Sporadic 
failure of up to three target compounds is allowed but they must not 
exceed 40% of their expected value.  Gases and poor purgers are listed 
above. 

 
 9.8 MDL Check Samples 
 

9.8.1 On an annual basis a method detection limit (MDL) study is performed on 
a single instrument per method and matrix.  When multiple instruments 
are used for the analysis of U.S. Army Corps of Engineers samples (or 
samples from other programs with the same requirement), individual 
instrument MDL studies are replaced by the analysis of an MDL check 
sample.  The MDL check sample must be analyzed on all instruments, 
where the MDL study was not performed and that U.S. Army Corps of 
Engineers samples (or other program-specific samples) are analyzed on, to 
demonstrate equivalent sensitivity. 

 
The MDL check sample is prepared at about 2x the MDL and is analyzed 
on a quarterly basis for each matrix.  A response must be detected in the 
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2x MDL check sample.  Additionally, qualifying ions of 50% or higher 
must also be present.  For more information on MDL studies, refer to QC 
SOP 13.11, “Performing Annual Method Detection Limit (MDL) 
Studies.” 

 
10.0 Calibration and Standardization 
 

10.1 BFB Tuning 
 

10.1.1 The analysis of the instrument performance check solution is performed 
by injecting 50 ng of BFB (2ul STD ID#7008) into the GC using a 10-µl 
Hamilton syringe.  BFB may be analyzed simultaneously with a 
continuing calibration verification standard as long as all QC criteria are 
met. 

 
10.1.2 The peak selection criteria for BFB analysis are as follows (in order of 

preference): 
 

10.1.2.1 Average one scan prior to the apex of the BFB peak to one scan 
after the apex, subtracting a single background scan prior to the 
peak, but no more than 20 scans prior to the elution of BFB.  
Also, do not subtract part of the BFB peak. 

 
Note: For work performed to comply with the requirements of 

the NYSASP, only this option is allowed. 
 

10.1.2.2 Choose the apex of the BFB peak only and include background 
subtraction. * 

 
* Background subtraction is performed to eliminate 

interference and when performed, the subtracted scan must 
be no more than 20 scans prior to the elution of the BFB and 
no scans within the BFB peak may be subtracted. 

 
10.1.2.3 Choose a single scan or a range of scans within the BFB peak 

and include background subtraction.* 
 
 Note: The use of a single scan other than at the apex is not 

allowed for Army Corps of Engineers project work. 
 

10.1.3 The analysis of the instrument performance check solution must meet the 
ion abundance criteria given in Table 7. 
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Table 7: BFB Key Ions and Ion Abundance Criteria 
Mass 
 

Ion Abundance Criteria 
 

  
50 15 - 40% of M/Z 95 
75 30 - 60% of M/Z 95 
95 Base Peak; 100% relative abundance 
96 5 - 9% of M/Z 95 
173 <2% of M/Z 174 
174 >50% of M/Z 95 
175 5 - 9% of M/Z 174 
176 >95% but less than 101% of m/z 174 
177 5 - 9% of M/Z 176 

 
10.1.4 Alternatively, other documented tuning criteria may be used (e.g., CLP, 

Method 524.2) provided that method performance isn't adversely affected. 
 

10.1.5 All criteria must be met according to requirements established by the U.S. 
EPA shown above.  BFB technical acceptance criteria must be met before 
any standards, samples, or required blanks are analyzed. 

 
GC/MS tuning and Mass Calibration forms must be printed and attached 
to the instrument runlog page for each tune.  The relative abundance for 
each ion is calculated to two decimal places. 

 
10.1.6 If BFB technical acceptance criteria are not met, retune the GC/MS 

system.  It may also be necessary to clean the ion source, clean the 
quadrupole rods, or take other corrective action to achieve the technical 
acceptance criteria. 

 
10.2 Initial Calibration 

 
10.2.1 Prior to the analysis of samples and required blanks, and after the 

instrument performance check solution (BFB) criteria have been met, each 
GC/MS system must be calibrated at six concentrations to demonstrate 
instrument sensitivity and the linearity of responses for the purgeable 
target compounds. 

 
10.2.2 Prepare standards according to the Initial Calibration Standard Preparation 

Table 2 in Section 7.5.  The purge and trap volume is 5 ml.  All initial 
calibration standards must be analyzed at the concentration levels and 
frequency described in this SOP on a GC/MS system meeting the BFB 
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technical acceptance criteria.  The analysis of the six calibration standards 
determines the linearity of the six-point initial calibration curve. 

 
10.2.3 The area response of the characteristic ions in the extracted ion current 

profile (EICP) is tabulated against the concentration for each compound 
and internal standard.  Relative response factors (RRF) are calculated for 
each compound. 

 
10.2.4 Initial calibration technical acceptance criteria must be met before any 

samples or required blanks are analyzed. 
 

For analyses following the NYSASP, the initial calibration requirements, 
after meeting the instrument performance check (tune) requirements of 
this SOP, are those of the current EPA CLP SOW for Multi-Media, Multi-
Concentration Organics (for 1-5 g analyses). 

 
10.2.5 Minimum relative response factors for the System Performance Check 

Compounds (SPCCs) are listed in Table 8. 
 

Table 8: Relative Response Factor Criteria for SPCCs 
 
Volatile Compound 
 

Minimum RRF 
 

  
Chloromethane 0.10 
1,1-dichloroethane 0.10 
chlorobenzene 0.30 
bromoform 0.10 
1,1,2,2-tetrachloroethane 0.30 

 
10.2.6 The %RSD for each target analyte should be less than 15%, but the 

following compounds have maximum %RSD criteria of 30%: These 
Calibration Check Compounds (CCC) include: 

 
• vinyl chloride 
• 1,1-dichloroethene 
• chloroform 
• 1,2-dichloropropane 
• toluene 
• ethylbenzene 

 
10.2.6.1 If the %RSD is 15% or less, the average relative response factor 

may be used for quantitation.  If the %RSD is greater than 15% 
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then an alternate method for quantitation, such as a linear 
calibration using least squares regression or a non-linear 
calibration method, such as quadratic fit, may be used.  When 
one of these options is used, the line must not be forced through 
the origin (zero) and the correlation coefficient of the equation 
must be 0.99 or greater for a valid calibration.  If a quadratic 
equation is used, six levels of standards must be employed.  The 
alternate method of quantitation is available in the ThruPut 
system. 

 
For samples submitted to meet the regulatory requirements of the 
State of South Carolina, the option of using a quadratic fit to 
demonstrate linearity is not allowed.  However, the use of a 
linear regression analysis for each target analyte is allowed. 

 
10.2.6.2 Because of the large number of target analytes, some of them 

may exceed the 15% criteria.  When this occurs, certain steps 
may be performed.  These corrective actions also pertain to those 
instances where the action limits, or client/project specified 
maximum limits, have been exceeded by the non-criteria 
compounds. 

 
• Check the instrument operating conditions and perform 

maintenance as necessary.  It may be necessary to clean the 
ion source, perform column maintenance, change the column, 
service the Archon autosampler, or the purge and trap 
concentrator, or take other corrective action to achieve the 
technical acceptance criteria. 

 
• Compare responses for the analyte in each of the standard 

levels to verify that a single standard analysis is not 
producing the outliers.  If so, reanalyze that standard and 
recalculate the %RSD. 

 
• The calibration range may be narrowed to determine if 

linearity can be achieved.  This may cause more dilution re-
analyses or even change the reporting limit if the lower 
standard is eliminated.  For this method, the method 
quantitation limit is defined by the lowest standard. 
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10.2.7 The initial calibration may still be acceptable when some analytes exceed 
the 15% RSD criteria, if the following conditions are met and allowed by 
the client: 

 
• The mean of all %RSD values for the analytes (grand mean) is less 

than or equal to 15%. 
 

• All analytes in calibration the standard must be included in the 
calculation. 

 
• Non-CCC target compounds have a warning limit of 50% RSD and an 

action limit of 90% RSD when the “grand mean” approach is used.  
These have been inserted as default values into the data reduction 
software program.  This is based strictly on established U.S. EPA data 
validation guidelines where values greater than 90% RSD result in 
rejection of data. 

 
10.2.7.1 A summary of the initial calibration data and/or a list of the 

analytes not meeting the 15% RSD criteria and the actual %RSD 
for each of these analytes must be included as a deliverable to 
our client.  If the conditions in 10.2.7 are met, then the average 
relative response factor may be used to determine the 
concentration of analytes in samples. 

 
10.2.7.2 For samples submitted to meet the regulatory requirements of the 

State of South Carolina, the grand mean option is not allowed, 
therefore, the linear regression analysis calibration model is 
used.  

 
10.2.8 The initial calibration verification must be analyzed after each initial 

calibration and must meet the acceptance criteria.  The ICV establishes the 
validity of the curve.  If the ICV fails, then a new initial calibration curve 
must be generated. 

 
10.3 Continuing Calibration Verification 

 
10.3.1 Before the analysis of samples and blanks, but after BFB and initial 

calibration acceptance criteria have been met, each GC/MS system must 
be routinely checked by analyzing a continuing calibration verification 
standard.  This standard contains all purgeable target analytes and 
surrogate compounds.  It is used to ensure that the instrument meets the 
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sensitivity and linearity requirements of the method throughout the 
analytical sequence. 

 
10.3.2 A check of the calibration curve must be performed once every 12 hours, 

beginning with the injection of BFB.  A percent difference of the response 
for each compound compared to the mean relative response factor from 
the initial calibration is calculated when performing the average response 
factor model. 

 
10.3.3 The calculated percent difference must be less than or equal to 20% for the 

CCCs listed above in Section 10.2.6.  Minimum response factor criteria 
for the continuing calibration verification standard are also shown above 
in Table 8. 

 
10.3.3.1 If a regression fit model was used for analytes in the initial 

calibration, the continuing calibration verification is performed 
using percent drift (difference) for the CCCs. 

 
10.3.4 As indicated for the initial calibration acceptance criteria, for the 

continuing calibration verification, the remaining target analytes (non-
CCC compounds) do not have defined % difference criteria.  We have 
established a warning limit of 50%D and an action limit of 90%D.  These 
values have been inserted as defaults into the data reduction software 
program.  This is based strictly on established U.S. EPA data validation 
guidelines where values greater than 90% RSD results in rejection of data. 

 
10.3.4.1 For samples submitted to meet the regulatory requirements of the 

State of South Carolina, the non-CCC target analytes should be 
less than 50%. 

 
10.3.5 If continuing calibration verification acceptance criteria cannot be met 

after inspection and normal maintenance, a new initial calibration will 
have to be performed. 

 
Note: Method 8260B indicates that if the CCCs are not required analytes, 

then all required analytes, must meet the 20% difference/drift 
criterion.  Our typical analysis includes all of the CCCs.  
Additionally, some programs may require all compounds to meet a 
% difference criteria.  In these situations, if the average of the 
response for all analytes is within 20%, then the calibration has 
been verified.  Requirements similar to those in 10.2.6 must be 
met. 
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10.3.6 For analyses following the NYSASP, the continuing calibration 

requirements, after meeting the instrument performance check (tune) 
requirements of this SOP, are those of the current EPA CLP SOW for 
Multi-Media, Multi-Concentration Organics (for 1-5g analyses). 

 
11.0 Procedure 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures.  All injections must be recorded on the instrument runlog (Attachment 4) 
along with the date, time (use a 24 hour clock), the volume injected, operator ID, and any 
comments relevant to the injection. 

 
All samples must be analyzed on a GC/MS system meeting the BFB, initial calibration, 
continuing calibration verification, and instrument blank criteria. 

 
11.1 Instrument Software Conventions 

 
11.1.1 Quantitation method: Average of the whole 

 
11.1.2 File naming convention: XX123456X78 

 
where: XX = Analysis type 

123456 = Date/Lab ID with first digit dropped 
Y = shift 
78 = instrument # 

 
11.1.3 Analysis type prefixes 

 
11.1.3.1 Standard: CS, CT, CU, CV, CW, CX 

 
11.1.3.2 Initial Sample Injection: 

 
� SDG-Sample Number-Shift-Instrument, 

 e.g. Q1636-1A52 
 

11.1.3.3 Sample reinjection: 
 

� SDG-Sample Number-J-Shift-Instrument, 
 e.g. Q1636-1JA52 

 
 
11.1.3.4 Sample reextraction: 

 
� SDG-Sample Number-R-Shift-Instrument, 

 e.g. Q1636-1RA52 
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11.1.3.5 Sample dilution: 

 
� SDG-Sample Number-D-Shift-Instrument, 

e.g Q1636-1DA60 
 

11.1.3.6 Additional repeats: 
 

� SDG-Sample Number-(J2, R2, D2)-Shift-Instrument, 
e.g. Q1636-1J2A52 

 
11.2 Analytical Sequence 

 
11.2.1 Order of analysis for the instrument calibration 

 
• BFB (tune) 
• initial calibration 
• initial calibration verification 

 
11.2.2 Order of analysis for the twelve-hour tune 

 
• BFB 
• continuing calibration verification 
• instrument blank 
• laboratory control sample-LCS 
• samples 

 
11.2.3 In some cases, if tune time remains after the initial calibration standards 

have been run, samples may be analyzed as long as they are preceded by a 
valid instrument blank. 

 
11.2.4 All samples must be analyzed on a GC/MS system meeting the BFB, 

initial calibration, continuing calibration verification, and instrument 
blank criteria. 

 
11.3 Preparations 

 
11.3.1 Standards 

 
11.3.1.1 The analysis of the instrument performance check solution is 

performed by injecting 50 ng of BFB (2ul Standard ID#7008) 
into the GC using a 10-µl Hamilton syringe. 
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11.3.1.2 Calibration standards are prepared by spiking the appropriate 
volume of each standard solution into 5 mL of sparged DI water 
contained in a 5 mL syringe.  This is then added to a 40 mL vial 
containing a magnetic stirring bar and 1g of sodium bisulfate.  
Each vial is immediately capped with a PTFE-lined, septum-
sealed cap and loaded into the Archon autosampler. 

 
Initiate the Archon autosampler which will provide stirring, the 
addition of 5 mL of water containing 1 µl of internal standards 
and 1 ul of surrogate (5 ul of 50 ug/ml solutions if spiked by the 
chemist and not the Archon),  heating at 40°C, and purging for 
11 minutes.  The system will then transfer the constituents in the 
headspace to the Tekmar 3000 purge and trap concentrator and 
will then desorb all target analytes for 4 minutes before analysis.  
The analyses of the six calibration standards determine the 
linearity of the six-point initial calibration curve. 

 
11.3.2 Instrument Blank and Method Blank 

 
11.3.2.1 An instrument blank is prepared by filling a 40 mL VOA vial, 

containing a stir bar and 1g of sodium bisulfate, with 5 mL of 
purged DI water and sealing with a screw-top, PFTE-faced, 
septum-sealed cap.  This is placed into the Archon autosampler 
where DI water, 1 µl of internal standards, and 1 µl of surrogates 
are added automatically to the blank (5 ul of 50 ug/ml solutions 
if spiked by the chemist and not the Archon).  It is analyzed by a 
closed system heated purge and trap analysis. 

 
11.3.2.2 A Method Blank is similar to an Instrument Blank in 

composition but it is prepared at the same time samples are 
prepared and is stored in the refrigerator.  If samples are received 
from the field already in vials with the sodium bisulfate 
preservative solution, only an Instrument Blank is required. 

 
11.3.3 Laboratory Control Sample 

 
11.3.3.1 A laboratory control sample (LCS) is prepared by filling a 40 mL 

VOA vial, containing a stir bar and 1g of sodium bisulfate, with 
5 mL of purged DI water.  To this 10 µl of the spiking standard is 
added before sealing with a screw-top, PFTE-faced, septum-
sealed cap.  This is placed into the Archon autosampler where DI 
water, 1 µl of internal standards, and 1 µl of surrogates are added 
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automatically (5 ul of 50 ug/ml solutions if spiked by the chemist 
and not the Archon).  It is analyzed by a closed system heated 
purge and trap analysis. 

 
11.3.3.2 For certain projects and programs, a full list spike is required. 

 
11.3.4 Samples 

 
11.3.4.1 Solid samples are prepared by Method 5035.  For details see 

Sample Preparation Procedure –238:  “Preparation of 
Soil/Sediment/Sludge Samples for the Analysis of Volatile 
Organic Compounds by Closed-System Purge and Trap.”  This 
results in 5g samples being stored in separate sealed 40 mL VOA 
vials containing sample, a stirring bar, and a sodium bisulfate 
aqueous solution (0.2g sodium bisulfate per g of sample). 

 
11.3.4.2 The choice of whether a 5g or medium level sample is analyzed 

is generally based on a screen analysis. 
 

11.3.4.3 Samples are stored in a rack located in the volatile GC/MS 
laboratory refrigerator at 2°C to 4.4°C.  Samples are allowed to 
come to room temperature and then loaded into the Archon 
autosampler carousel shaking each vial gently so that the 
contents move freely and the stirring bar will be able to spin. 

 
11.3.5 Matrix Spikes 

 
11.3.5.1 For sample spikes, the Archon will spike 1 µl of internal standard 

solution and 1 µl of surrogate solution (5 ul of 50 ug/ml solutions 
if spiked by the chemist and not the Archon), also add 10.0 µl of 
8260B spike solution. 

 
11.3.5.2 For certain projects, full target list matrix spikes are required. 

 
11.4 Analysis 

 
11.4.1 When the Archon autosampler is initiated, the system will add 5 mL of 

purged DI water, containing 5 µl of internal standards and 5 µl of 
surrogates, by piercing the septum. 

 
11.4.2 Prior to purging, the stirring bar is turned on and the sample is heated to 

40°C.  The sample is purged for 11 minutes, while stirring. 
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11.4.3 The same needle that is used to add the DI water is the source for the inert 

gas used for purging.  The needle also contains slots above the 
sample/water level which provide a path for the headspace to be directed 
to the Tekmar 3000 purge and trap concentrator.  This contains the trap 
that is then thermally desorbed into the GC/MS instrument. 

 
11.4.4 After purging, the Purge and Trap Concentrator apparatus will desorb onto 

the GC column by elevating the trap temperature to 260°C and back-
flushing the trap with helium for 4 minutes at 20 to 60 mL/minute. 

 
11.4.5 After desorbing, the trap is reconditioned by baking at 260°C for at least 7 

minutes.  When the trap has finished baking and is cool, it is ready for the 
next sample to be purged. 

11.4.6 In each analytical run, all analytes must fall below the maximum 
calibration range established by the highest standard in the initial 
calibration.  If an analyte is present at a concentration higher than the 
highest initial calibration standard, it must be reanalyzed at a lesser 
amount or dilution.  A valid dilution is one in which the compound in 
question falls above the mid-point calibration standard concentration.  The 
dilution is considered valid if the analyte concentration is above 50 µg/kg. 

 
11.5 Identification 

 
11.5.1 Target compounds are identified in the samples by analyzing standards 

under the same conditions used for samples.  The resulting mass spectra 
are compared to established library spectra and GC retention times to 
retention times from the latest continuing calibration standard.  The mass 
spectrum of the sample compound and a laboratory library-generated 
spectrum must match according to the following criteria: 

 
11.5.1.1 All ions present in the library mass spectrum at a relative 

intensity >10% must be present in the sample spectrum. 
 
11.5.1.2 The relative intensities of ions specified above must agree within 

±20% between the library and sample spectra. 
 

11.5.1.3 Ions >10% in the sample spectrum but not present in the library 
spectrum must be considered and accounted for. 

 
11.5.2 If a compound analyzed by GC/MS techniques cannot be verified by all of 

the criteria listed above, but in the technical judgment of the mass spectral 
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interpretation specialist the identification is correct, then the laboratory 
will report that identification. 

 
11.5.3 Non-target compounds are identified by comparing the resultant mass 

spectra from the non-target compounds to mass spectra contained in the 
National Institute of Standards and Technology (NIST) Mass Spectral 
Library. 

 
11.6 Quantitation 

 
11.6.1 The mean relative response factor (RRF) from the initial calibration 

standard is used to calculate the concentration in the sample.  For 
NYSASP, the RRF from the continuing calibration standard is used to 
calculate concentrations. 
Note: Alternatively, the calibration curve(s) generated from the initial 

calibration may be used for the determination of analyte(s) 
concentration(s).  This option is discussed above. 

 
11.6.2 All samples require a search of all extraneous peaks >10% of the height of 

the nearest internal standard, up to 10 searches, i.e. 10 most intense 
extraneous peaks.  The number of searches may be more, depending on 
client requirements. 

 
11.6.3 In each analytical run, all analytes must fall below the method's maximum 

analytical range, i.e. the highest calibration standard. 
 

11.6.3.1 If an analyte is present at a concentration higher than the 
maximum analytical range in a 5g analysis, the medium level 
sample must be analyzed. 

 
11.6.4 When a sample is analyzed that has saturated ions from a compound, this 

analysis must be followed by the analysis of an instrument blank or the 
following sample must be monitored for contamination and interference 
from carryover.  If the blank or sample is not free from interferences, the 
system must be decontaminated.  Sample analysis may not resume until a 
blank or sample has been analyzed which is free from interferences.  
Being free from interferences means that whatever compound was present 
above the initial calibration range in a sample, cannot be present in an 
instrument blank or the sample analyzed immediately following, at a level 
above the reporting limit for that compound. 
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11.6.5 Secondary ion quantitation is allowed only when there are sample matrix 
interferences with the primary ion.  If secondary ion quantitation is 
performed, document the reasons in the SDG narrative. 

 
11.6.6 Non-target compounds are quantified by comparing the MS response from 

the reconstructed ion chromatogram (RIC) for the non-target compound 
peaks to the MS response for a peak produced by the nearest internal 
standard compound.  A response factor of 1 is assumed. 

 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 

12.1 Calculation of the mean or average of a set of values: 
 

n

X
X

n

i
i∑

== 1  

 
where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  

 
12.2 Calculation of the standard deviation of a set of values: 

 

( )
1

deviation Standard 1

2

−

−
=

∑
=

n

XX
n

i
n

 

 
12.3 Calculation of percent recovery: 

 
12.3.1 LCS and surrogates: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  

 

12.3.2 Matrix spikes: 
 

100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%
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12.4 Calculation of %RSD 
 

%RSD
X

= ⎛
⎝⎜

⎞
⎠⎟

×
Standard deviation   100  

 
12.5 Calculation of RPD 

 
 

( )RPD  =  
Value  -  Value 

Value  +  Value 
x

1 2
1 2 2

100  

 
12.6 Calculation of %Difference (%D) 

 

100 x 
value Reference

value ReferenceValue%Diff −
=  

 
12.7 Relative Response Factor 

 

CxxisA
isCxAx

RRF
)(

)(
=  

where: Ax = Area of the characteristic ion (EICP) for the compound to be 
measured 

A(is) = Area of the characteristic ion (EICP) for the specific 
internal standard  

C(is) = Concentration of the internal standard (in µg/l) 
Cx = Concentration of the compound to be measured 

 
 12.8 Linear Calibration using Least Squares Regression 
 
  baxy +=  
   
  where:  y = Instrument response (peak area) 
    a = Slope of the line (coefficient of x) 
    x = Concentration of the calibration standard 
    b = The intercept 

 
 
12.9 Concentration 

 
12.9.1 The area response of the characteristic ions in the extracted ion current 

profile (EICP) is tabulated against the concentration for each compound 
and internal standard. 
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12.9.2 Concentration of soil samples (dry weight basis) by GC/MS analysis using 

relative response factor: 
 

))()()((
))((

/
DWsRFAis

sCAs
kgug

i
=  

 
 

where: As = Area of the peak for the analyte in the sample 
Ais = Area of the peak for the internal standard  
Cis = Concentration of the internal standard in the volume purged, 

in µg/L  
RF  = Mean response factor from the initial calibration  

 
n

RFi
RF

n

1i
∑

==  

 
Ws = weight of sample purged, in grams 

100
moisture100

weightdryD
%

)(
−

=  

 
12.9.3 Concentration of soil samples (dry weight basis) by GC/MS using 

quadratic (second order) fit in Target:  
 
 [ ] ( ) ( )[ ]2^21 RspmRspmbny ++=  
 
 where:  b = constant 

m1 = multiplier for the unsquared term 
m2 = multiplier for the squared term 
n = amount of Internal Standard 
y = concentration in ng on column 

   Rsp = area of analyte/area of Internal Standard 
 
Example: Area of acetone = 35659 

   Area of IS = 613275 
   b = -0.0909161 
   m1 = 9.605304 
   m2 = 7.132688 
   ng of IS = 250 
   response = 35659/613275 = 0.058145 
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Amount in ng on column =  
 

( )[ ] ng912220581450x13268870581450x605304909091610ng250 .^..... =++−  
 

))((
9.122/

DWs
ngKggionConcentrat =µ  

 
12.9.4 Concentration of soil samples (dry weight basis) by GC/MS using linear 

regression analysis:  
 

 baC
A
CA

s
is

iss
+=  

 
 

a

b
A
CA

C is

iss

s

⎥⎦
⎤

⎢⎣
⎡ −

=  

 
where:  As = Area of the target analyte peak in the sample 
  Ais = Area of the internal standard peak 
  Cs = Concentration of the target analyte in the calibration 

standard 
  Cis = Concentration of the internal standard 
  a = Slope of the line (coefficient of Cs) 
  b = The intercept 

    

)(
)(/
D

CsKggionConcentrat
(Ws)

=µ  

 
12.9.5 Tentatively Identified Compound (TIC) Estimation 

 

))()((1)(
)()(

DWsRFxISArea
StdAmountxTICAreaAmountTIC

 
 

=  

 
where: Area (TIC) = area response from RIC for non-target 

compound 
Amount(Std) = amount of internal standard added to the 

sample, in µg/L. 
Area (IS) = area response of the nearest internal 

standard in the reconstructed ion 
chromatogram 
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1(RF) = assumed response factor of 1 
 

12.10 Calculating Dilutions 
 

 12.10.1 If a sample concentration exceeds the high level standard a dilution must 
be performed.  Determine a level of dilution that will result in a value 
within the upper half of the calibration range.  This is an acceptable 
dilution. 

 
Adjust the amount of sample purged with 1 gram being the lowest 
acceptable weight for a low level analysis.  If the analyte still exceeds the 
analytical range in the medium level analysis, perform a methanol 
extraction following Sample Preparation Procedure –238, “Preparation of 
Soil/Sediment/Sludge Samples for the Analysis of Volatile Organic 
Compounds by Closed-System Purge and Trap using SW846 Method 
5035”. 

 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits (Attachment 3) and precision and accuracy for single analyst (Attachment 6).  The 
data are retained by the QA department. 

 
 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing. 

 
 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
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controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 Test Methods for Evaluating Solid Waste: Physical/Chemical Methods. U.S. EPA 
SW846 3rd Edition, Update 3, 12/96, Methods 8260B and 5035 

 
16.2 New York State Analytical Services Protocol (NYSASP), June 2000, plus 

revisions 
 

16.3 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 

 
16.4 QCSOP: Proper Documentation Procedures 

 
16.5 QCSOP: Numerical Data Reduction 

 
16.6 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.7 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.8 NELAC Standards, July 2002, plus revisions 
 

16.9 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995 

 
16.10 New York State Environmental Laboratory Approval Program, Certification 

Manual, October 15, 1999, plus revisions. 
 

16.11 CompuChem Quality Manual, Revision 6, 11/24/04, plus revisions 
 

16.12 Sample Control SOP 4.1, “Receiving Samples” 
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16.13 Sample Control SOP 4.6, “Storing Samples” 
 
 16.14 Sample Preparation Procedure –238, “Preparation of Soil/Sediment/Sludge 

Samples for the Analysis of Volatile Organic Compounds by Closed-System 
Purge and Trap using SW846 Method 5035” 

 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data  
 

17.1 Attachment 1 – Target Compound List 
 
17.2 Attachment 2 – Statistical Control Limits 

 
17.3 Attachment 3 - Method Detection Limits 

 
17.4 Attachment 4 – Instrument Runlog 
 
17.5 Attachment 5 – Standard Certificates of Analysis 
 
17.6 Attachment 6 – Single Analyst Capability Study 
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Attachment 1 
 

Table 1:  Volatile Target Compounds  
 
Compounds Internal 

Standard 
Primary 
Quantitation 
Ion 

Secondary 
Quantitation 
Ion(s) 

    
dichlorodifluoromethane 1 85 87 
chloromethane 1 50 52 
vinyl chloride 1 62 64 
bromomethane 1 94 96 
chloroethane 1 64 66 
trichlorofluoromethane 1 101 103 
1,1-dichloroethene 1 96 61, 98 
methylene chloride 1 84 49, 86 
trans-1,2-dichloroethene 1 96 61, 98 
1,1-dichloroethane 1 63 65, 83 
2,2-dichloropropane 1 77 97 
cis-1,2-dichloroethene 1 96 61, 98 
bromochloromethane 1 128 49, 130 
chloroform 1 83 85 
1,1,1-trichloroethane 1 97 99, 61 
carbon tetrachloride 1 117 119, 121 
1,1-dichloropropene 1 75 110, 77 
benzene 1 78 77, 51 
1,2-dichloroethane 1 62 98 
trichloroethene 1 130 95, 97 
1,2-dichloropropane 1 63 112 
dibromomethane 1 174 93, 95 
bromodichloromethane 1 83 85, 127 
2-chloroethyl vinyl ether 1 63 65, 106 
cis-1,3-dichloropropene 1 75 77 
acrolein 1 56 55, 58 
iodomethane 1 142 127, 141 
1,1,1-trichloro-2,2,2,-trifluoroethane 1 117 151, 153 
1,1,2-trichloro-1,2,2,-trifluoroethane 1 85 101, 151 
carbon disulfide 1 76 78 
acetone 1 43 58 
3-chloropropene 1 76 41, 78 
acetonitrile 1 41 40, 39 

NOTE:  Attachment is subject to change without notice. 
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Attachment 1 (continued) 
 
Table 1 (continued):  Volatile Target Compounds 
 
Compounds Internal 

Standard 
Primary 
Quantitation 
Ion 

Secondary 
Quantitation 
Ion(s) 

    
Acrylonitrile 1 53 52, 51 
methyl-tert-butyl ether 1 73 41, 43 
vinyl acetate 1 43 86 
2-butanone 1 72 43, 57 
Propionitrile 1 54 55, 52 
Methacrylonitrile 1 41 39, 67 
1-chlorobutane 1 56 49 
1,4-dioxane 1 88 58 
Methylmethacrylate 1 69 100, 41 
Surrogate #1: 
Dibromofluoromethane 

1 113 111, 192 

Surrogate #2: 
d4-1,2-dichloroethane 

1 65 102, 67 

4-methyl-2-pentanone 2 43 85, 100 
Toluene 2 92 91 
trans-1,3-dichloropropene 2 75 77 
1,1,2-trichloroethane 2 97 83, 85 
Ethylmethacrylate 2 69 41, 99 
Tetrachloroethene 2 164 168, 129 
1,3-dichloropropane 2 76 78 
2-hexanone 2 43 58, 57 
Dibromochloromethane 2 129 127, 48 
1,2-dibromoethane 2 107 109, 188 
Chlorobenzene 2 112 114, 77 
1,1,1,2-tetrachloroethane 2 131 119, 133 
Ethylbenzene 2 106 91 
m,p-xylene 2 106 91 
o-xylene 2 106 91 
Styrene 2 104 91, 78 
Bromoform 2 173 175, 254 
isopropyl benzene 2 105 120 
Bromobenzene 2 156 77,158 
1,1,2,2-tetrachloroethane 2 83 85, 131 

NOTE:  Attachment is subject to change without notice. 
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Attachment 1 (continued) 
 
Table 1 (continued):  Volatile Target Compounds 

 
Compounds Internal 

Standard 
Primary 
Quantitation 
Ion 

Secondary 
Quantitation 
Ion(s) 

    
1,2,3-trichloropropane 2 110 75, 112 
trans-1,4-dichloro-2-butene 2 53 88, 75 
Surrogate #3: d8-toluene 2 98 70, 100 
n-propyl benzene 3 91 120 
2-chlorotoluene 3 126 91 
4-chlorotoluene 3 91 126 
1,2,4-trimethyl benzene 3 105 120 
1,3,5-trimethyl benzene 3 105 120 
Pentachloroethane 3 167 130, 165 
sec-butyl benzene 3 105 134 
1,2-dichlorobenzene 3 146 111, 148 
1,3-dichlorobenzene 3 146 111, 148 
1,4-dichlorobenzene 3 146 111, 148 
n-butyl benzene 3 91 92, 134 
tert-butyl benzene 3 119 91, 134 
p-isopropyl toluene 3 119 134, 91 
1,2-dibromo-3-chloropropane 3 75 155, 157 
1,2,4-trichlorobenzene 3 180 182, 145 
Hexachlorobutadiene 3 225 223, 227 
Naphthalene 3 128 64, 51 
1,2,3-trichlorobenzene 3 180 182, 145 
Surrogate #4: 
4-bromofluorobenzene 

3 95 174, 176 

Internal Standard #1: 
fluorobenzene 

NA 96 70 

Internal Standard #2: 
d5-chlorobenzene 

NA 117 82, 119 

Internal Standard #3: 
d4-1,4-dichlorobenzene 

NA 152 150 

1 Based on laboratory tests, 2-chloroethyl vinyl ether is not analyzable from the sodium bisulfate solution 
associated with Method 5035. 

 
Note:  Attachment is subject to change without notice. 
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Attachment 2 
Table 2:  Statistical Control Limits for the LCS 
Compound 
 

Percent Recovery Range 
5 gram soil 

  
Dichlorodifluoromethane 50-142 
Chloromethane 52-150 
Vinyl chloride ² 58-148 
Bromomethane 50-150 
Chloroethane 52-150 
Trichlorofluoromethane 54-144 
Diethyl ether 50-149 
Acrolein 50-150 
1,1-dichloroethene ¹, ² 51-146 
Iodomethane 50-150 
1,1,1-trichloro-2,2,2,-trifluoroethane 58-148 
Carbon disulfide 56-140 
1,1,2-trichloro-1,2,2,-trifluoroethane 50-149 
Acetone 50-147 
3-chloropropene 50-150 
Acetonitrile 68-126 
Methyl acetate 50-150 
Methylene chloride ² 50-137 
trans-1,2-dichloroethene 65-122 
Acrylonitrile 50-136 
Methyl-tert-butyl ether 70-133 
Tert butyl alcohol 60-148 
n-hexane 50-143 
1,1-dichloroethane ² 66-123 
Chloroprene 50-150 
Vinyl acetate 50-150 
Isopropyl ether 81-114 
2,2-dichloropropane 64-141 
cis-1,2-dichloroethene ² 69-127 
2-butanone ² 66-132 
Propionitrile 50-150 
Bromochloromethane 73-126 
Methyl acrylate 50-133 
Methacrylonitrile 51-127 
Tetrahydrofuran 50-150 

Note:  Attachment is subject to change without notice. 
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Attachment 2 (continued) 
Table 2:  Statistical Control Limits for the LCS 
Compound 
 

Percent Recovery Range 
5 gram soil 

  
Chloroform 75-128 
1,1,1-trichloroethane 71-127 
Cyclohexane 65-126 
1-chlorobutane 75-124 
Carbon tetrachloride ² 67-132 
1,1-dichloropropene 72-132 
Pentafluorobenzene 81-117 
Benzene ¹, ² 67-126 
1,2-dichloroethane 56-141 
Isobutyl alcohol 50-150 
Crotonaldehyde 50-141 
Trichloroethene ¹, ² 69-130 
Methylcyclohexane 80-119 
1,2-dichloropropane ² 73-121 
Dibromomethane 64-131 
1,4-dioxane 50-150 
Methylmethacrylate 60-127 
Bromodichloromethane ² 75-133 
2-chloroethyl vinyl ether 50-150 
cis-1,3-dichloropropene 87-127 
4-methyl-2-pentanone 67-125 
Toluene ¹ 73-121 
trans-1,3-dichloropropene 64-131 
1,1,2-trichloroethane 67-123 
Ethylmethacrylate 67-124 
Tetrachloroethene ² 72-130 
1,3-dichloropropane 75-130 
2-hexanone 51-128 
Dibromochloromethane 68-127 
1,2-dibromoethane 69-127 
Chlorobenzene ¹, ² 71-120 
1-chlorohexane 80-113 
1,1,1,2-tetrachloroethane 82-120 
Ethylbenzene ² 76-121 
m,p-xylene 76-130 

Note:  Attachment is subject to change without notice. 
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Attachment 2 (continued) 
Table 2:  Statistical Control Limits for the LCS 
Compounds Percent Recovery Range 

5 gram soil 
  
o-xylene 76-130 
Styrene ² 68-126 
Bromoform ² 64-134 
Isopropyl benzene 68-126 
cis-1,4-dichloro-2-butene 50-150 
Bromobenzene 67-140 
1,2,3-trichloropropane 58-137 
1,1,2,2-tetrachloroethane 66-128 
trans-1,4-dichloro-2-butene 50-150 
n-propyl benzene 71-136 
2-chlorotoluene 78-124 
4-chlorotoluene 74-131 
1,3,5-trimethyl benzene 72-129 
Pentachloroethane 64-150 
tert-butyl benzene 67-140 
1,2,4-trimethyl benzene 70-133 
sec-butyl benzene 67-141 
1,3-dichlorobenzene 74-119 
1,4-dichlorobenzene ² 72-115 
p-isopropyl toluene 74-132 
Benzyl chloride 63-124 
1,2-dichlorobenzene 67-126 
n-butyl benzene 63-137 
1,2-diethylbenzene 75-117 
1,2-dibromo-3-chloropropane 72-127 
1,2,4-trichlorobenzene 57-133 
Hexachlorobutadiene 68-129 
Naphthalene 50-139 
1,2,3-trichlorobenzene 63-129 
Xylene (total) 76-130 

Table displays statistical control limits calculated in 2002. 
 

¹ Denotes component of minimum LCS spike 
² Denotes component of LCS spike for SC DHEC.  Each of these analytes must be 

recovered within 70-130%. 
 
Note:  Attachment is subject to change without notice.
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Attachment 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE:  Attachment is subject to change without notice. 
NOTE:  The estimated detection limit is 1/5 the reporting limit. 
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Attachment 3 (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE:  Attachment is subject to change without notice. 
NOTE:  The estimated detection limit is 1/5 the reporting limit.
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Attachment 3 (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE:  Attachment is subject to change without notice. 
NOTE:  The estimated detection limit is 1/5 the reporting limit. 
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Attachment 3 (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE:  Attachment is subject to change without notice. 
NOTE:  The estimated detection limit is 1/5 the reporting limit. 
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Attachment 4 
 

 
 
 
 

 
 
 
 
 
 
 
 

Note:  Attachment is subject to change without notice. 
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Attachment 5 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE:  Attachment is subject to change without notice. 
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Attachment 5 (continued) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE:  Attachment is subject to change without notice. 
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Attachment 5 (continued) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE:  Attachment is subject to change without notice. 
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Attachment 6 

 
NOTE:  Attachment is subject to change without notice. 

Laboratory Name/North Carolina Certificate Number:  CompuChem/79
Analyst:  Joann Ockerlander
Study Date:  January 14, 2003
Method:  8260B Soil 5 gm purge
Instrument/Column/Detector:  5972hp59

Compounds TrueVal Rep #1 Rep #2 Rep #3 Rep #4 Mean Mean SOP SD(n-1) -3SD +3SD -3SD +3SD RSD SOP
ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg % R %R ug/l of (x) of (x) % R %R % %RSD

Dichlorodifluoromethane 50 50.93 37.94 35.22 32.64 39.18 78 60-140 8.13 14.8 64 38 162 21 30
Chloromethane         50 51.27 42.97 43.09 39.77 44.28 89 21-150 4.91 29.5 59 67 133 11 15
Vinyl Chloride        50 56.50 45.37 48.16 42.10 48.03 96 43-138 6.16 29.5 67 61 139 13 15
Bromomethane          50 61.95 51.71 56.04 51.13 55.21 110 48-150 5.00 40.2 70 73 127 9 15
Chloroethane          50 56.89 49.18 54.30 44.44 51.21 102 53-144 5.53 34.6 68 68 132 11 15
Trichlorofluoromethane 50 52.25 47.39 47.09 45.24 47.99 96 60-140 2.99 39.0 57 81 119 6 15
1,1-Dichloroethene    50 58.45 51.06 52.90 49.79 53.05 106 72-129 3.82 41.6 65 78 122 7 15
1,1,1-trichloro-2,2,2-trichloroethane 50 56.46 48.70 53.04 51.12 52.33 105 80-120 3.28 42.5 62 81 119 6 15
Acetone               125 149.5 116.9 118.3 104.0 122.2 98 39-150 19.35 64.1 180 52 148 16 15
Iodomethane           50 47.73 41.27 51.66 38.88 44.89 90 80-120 5.87 27.3 62 61 139 13 15
1,1,2-trichloro-1,2,2-trichloroethane 50 54.90 48.56 52.48 48.89 51.21 102 80-120 3.04 42.1 60 82 118 6 15
Carbon disulfide      50 56.75 50.21 51.52 47.25 51.43 103 20-150 3.97 39.5 63 77 123 8 15
3-Chloropropene       50 56.70 51.43 49.95 44.67 50.69 101 80-120 4.95 35.8 66 71 129 10 15
Acetonitrile          50 54.05 52.27 48.53 44.11 49.74 99 80-120 4.40 36.5 63 73 127 9 15
Methyl acetate        50 56.34 46.53 47.13 42.27 48.07 96 80-120 5.92 30.3 66 63 137 12 15
Methylene Chloride    50 54.25 52.31 51.67 48.25 51.62 103 78-136 2.50 44.1 59 85 115 5 15
Acrylonitrile         500 611.1 523.8 495.0 447.4 519.3 104 80-120 68.82 312.8 726 60 140 13 15
trans-1,2-Dichloroethene 50 55.84 51.80 52.35 51.47 52.86 106 74-125 2.02 46.8 59 89 111 4 15
Methyl-tert-butyl ether 50 54.61 49.28 48.12 46.09 49.52 99 64-145 3.63 38.6 60 78 122 7 15
1,1-Dichloroethane    50 54.69 50.75 50.61 50.00 51.51 103 71-130 2.14 45.1 58 88 112 4 15
Chloroprene           50 47.41 50.92 45.50 44.42 47.06 94 80-120 2.86 38.5 56 82 118 6 15
Vinyl acetate         50 54.97 50.41 49.60 44.13 49.78 100 60-140 4.45 36.4 63 73 127 9 15
Isopropyl ether       50 53.81 51.45 51.10 46.89 50.82 102 80-120 2.88 42.2 59 83 117 6 15
cis-1,2-Dichloroethene 50 52.18 51.90 51.52 50.05 51.41 103 74-134 0.95 48.6 54 94 106 2 15
2,2-Dichloropropane   50 53.25 48.23 49.93 48.11 49.88 100 80-120 2.40 42.7 57 86 114 5 15
Propionitrile         2500 3002 2469 2453 2347 2568 103 80-120 294.7 1684 3452 66 134 11 15
2-butanone            125 155.03 126.44 123.35 113.08 129.47 104 48-150 17.97 75.6 183 58 142 14 15
Methacrylonitrile     250 283.2 256.5 239.0 222.4 250.3 100 80-120 26.00 172.3 328 69 131 10 15
Bromochloromethane    50 55.93 51.87 51.21 51.44 52.61 105 60-140 2.23 45.9 59 87 113 4 15
Chloroform            50 51.35 50.87 49.95 48.32 50.12 100 70-131 1.33 46.1 54 92 108 3 15
1,1,1-Trichloroethane 50 53.45 48.66 50.23 49.07 50.35 101 70-134 2.17 43.9 57 87 113 4 15
Cyclohexane           50 53.23 46.02 51.86 47.39 49.62 99 80-120 3.47 39.2 60 79 121 7 15
1,1-dichloropropene   50 55.57 49.31 50.93 49.77 51.39 103 80-120 2.86 42.8 60 83 117 6 15
Carbon Tetrachloride  50 53.35 47.33 49.76 49.79 50.06 100 72-137 2.48 42.6 58 85 115 5 15
1,2-Dichloroethane    50 50.03 47.75 46.43 45.98 47.55 95 63-139 1.82 42.1 53 89 111 4 15
Isobutyl alcohol      2500 3207 2299 2304 2266 2519 101 60-140 458.8 1142 3895 45 155 18 30
Benzene               50 53.88 51.00 51.69 49.64 51.55 103 75-125 1.77 46.2 57 90 110 3 15
Trichloroethene       50 57.94 50.76 52.51 53.35 53.64 107 66-147 3.06 44.5 63 83 117 6 15
Methylcyclohexane     50 51.45 43.79 46.01 46.61 46.97 94 80-120 3.23 37.3 57 79 121 7 15
1,2-Dichloropropane   50 53.03 49.86 50.74 47.96 50.40 101 71-130 2.10 44.1 57 87 113 4 15
Dibromomethane        50 55.19 53.23 52.60 51.19 53.05 106 60-140 1.66 48.1 58 91 109 3 15
1,4-dioxane           2500 3162 2425 2453 2587 2657 106 60-140 344.5 1623 3690 61 139 13 15
Methylmethacrylate    500 558.1 496.4 476.8 470.3 500.4 100 80-120 40.05 380.3 621 76 124 8 15
Bromodichloromethane  50 52.09 50.15 48.73 48.78 49.94 100 68-135 1.58 45.2 55 91 109 3 15
cis-1,3-Dichloropropene 50 53.24 50.28 50.92 50.17 51.15 102 73-139 1.43 46.9 55 92 108 3 15
4-Methyl-2-pentanone  125 147.9 126.1 122.4 102.6 124.7 100 51-133 18.58 69.0 180 55 145 15 15
Toluene               50 53.58 49.80 50.99 46.11 50.12 100 78-126 3.11 40.8 59 81 119 6 15
trans-1,3-Dichloropropene 50 50.08 49.16 48.89 43.73 47.96 96 64-144 2.87 39.4 57 82 118 6 15
1,1,2-Trichloroethane 50 54.05 50.54 48.86 45.49 49.73 99 73-127 3.56 39.1 60 79 121 7 15
Ethylmethacrylate     500 535.8 498.4 474.4 436.0 486.2 97 80-120 41.89 360.5 612 74 126 9 15
1,3-Dichloropropane   50 53.87 49.56 49.49 43.78 49.18 98 80-120 4.14 36.8 62 75 125 8 15
Tetrachloroethene     50 56.50 47.87 53.46 48.50 51.58 103 79-131 4.12 39.2 64 76 124 8 15
2-hexanone            125 148.7 120.4 119.8 102.2 122.8 98 53-133 19.25 65.0 181 53 147 16 30
Dibromochloromethane  50 52.31 49.19 48.81 45.84 49.04 98 82-127 2.64 41.1 57 84 116 5 15
1,2-Dibromoethane     50 55.69 48.80 49.44 46.49 50.11 100 80-120 3.93 38.3 62 76 124 8 15
Chlorobenzene         50 53.33 48.85 50.90 48.22 50.33 101 80-117 2.31 43.4 57 86 114 5 15
1,1,1,2-Tetrachloroethene 50 53.65 49.62 51.56 47.39 50.56 101 80-120 2.68 42.5 59 84 116 5 15
Ethylbenzene          50 52.26 48.44 50.16 47.32 49.55 99 82-117 2.16 43.1 56 87 113 4 15
m,p-Xylene            100 101.0 94.12 97.93 94.16 96.79 97 81-115 3.30 86.9 107 90 110 3 15
o-Xylene              50 51.32 47.39 50.74 47.99 49.36 99 74-120 1.96 43.5 55 88 112 4 15
Styrene               50 52.02 48.98 49.14 47.40 49.39 99 77-119 1.92 43.6 55 88 112 4 15
Bromoform             50 55.58 49.13 50.40 47.11 50.56 101 65-1.39 3.62 39.7 61 79 121 7 15
Isopropyl Benzene     50 48.95 45.00 46.10 44.83 46.22 92 80-120 1.91 40.5 52 88 112 4 15
1,1,2,2-Tetrachloroethene 50 52.22 46.71 44.65 43.88 46.87 94 55-141 3.76 35.6 58 76 124 8 15
1,2,3-Trichloropropane 50 55.64 45.47 46.60 44.37 48.02 96 80-120 5.16 32.5 63 68 132 11 15
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Sample Preparation Procedure -1021:  Extraction of TCLP Leachates for the 
Determination of Pesticides/PCBs by SW846 and 
NYSASP 

 
 
1.0 Scope and Application 
 

This procedure is used to extract pesticides/PCBs from the aqueous leachate generated 
using Sample Preparation Procedure –814, “Toxicity Characteristic Leaching Procedure 
(TCLP)”. 
 
The method detection limits (MDL) and reporting limits are shown it Attachment 1. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

Approximately 200 ml of a previously prepared TCLP leachate are diluted to 1000 ml (a 
5:1 dilution), and extracted with methylene chloride using a separatory funnel 
(continuous liquid-liquid) technique.  The methylene chloride extract is dried, exchanged 
to hexane, and adjusted to a final volume of 10.0 ml.  Optional cleanup techniques may 
be needed. 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration. 
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If the low level standard concentration is not at least three times higher than the 
MDL value, the standard concentration is adjusted upward in order to achieve this 
minimal ratio.  It may be adjusted higher than three times depending on the 
concentration range of the calibration curve and the ability to meet method 
linearity requirements.   

 
3.3 Reporting Units – µg/L 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The Army Corps of Engineers (US ACE) and South Carolina 

Department of Health and Environmental Control (SC DHEC) do 
not accept the SDG approach, unless the samples are prepared in a 
single batch.  When a group of up to 20 field samples of a similar matrix 
are prepared as one batch, method-specified QC samples such as a 
method blank, laboratory control sample, matrix spike, matrix spike 
duplicate, and matrix duplicate must also be prepared together at a rate 
of 5% for US ACE and 10% for SC DHEC.  If samples are batched 
together from different sites, project-specific QC must be processed. 

 
4.0 Interferences 
 

4.1 Contaminants in solvents, reagents, glassware, and other sample processing 
hardware cause method interferences that lead to discrete artifacts and/or elevated 
baselines in gas chromatograms (GC).  All of these materials must be routinely 
demonstrated to be free from interferences under the conditions of the analysis by 
running laboratory reagent blanks. 

 
Interferences by phthalate esters can pose a major problem in pesticide analysis 
when using the electron capture detector (ECD).  These compounds generally 
appear in the chromatogram as broad eluting peaks.  Common flexible plastics 
contain varying amounts of phthalates.  These phthalates are easily extracted or 
leached from such materials during laboratory operations.  Cross-contamination 
of clean glassware routinely occurs when plastics are handled.  Avoiding the use 
of plastics in the laboratory minimizes interference from phthalates.  Exhaustive 
cleanup of reagents and glassware may be required to eliminate background 
phthalate contamination. 



Section No. 2.2.4.3 
Revision No. 8 
Date: March 19, 2003 
Page 4 of 16 
 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 
4.2 Matrix interferences may be caused by contaminants that are co-extracted from 

the sample.  The extent of matrix interferences will vary considerably from source 
to source, depending upon the nature and diversity of the site being sampled. 

 
5.0 Safety 
 

5.1 Appropriate protective equipment and clothing must be used under the 
assumption that all samples are potentially hazardous.  During sample 
preparation, glasses, gloves and lab coats are a minimum requirement.  The 
persistent presence of noxious odors may be indicative of failure of the laboratory 
ventilation system and must be reported to a supervisor or manager. 

 
5.2 Laboratory staff are encouraged to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets for reagents used in the 
laboratory. 

 
6.0 Equipment & Supplies 
 

6.1 Glassware  
 

6.1.1 Separatory funnel, 2000-ml, with Teflon stopcock 
 

6.1.2 Drying column:  chromatographic column, approximately 400 mm x 19 
mm ID, with a small plug of furnaced glass wool.  A glass funnel with a 
small plug of glass wool may be substituted for the drying column.  
Furnaced anhydrous sodium sulfate is used in the drying column or glass 
funnel to dry the solvent extract. 

 
6.1.3 Concentrator tube, Kuderna-Danish:  10-ml, graduated (Kontes K-570050-

1025 or equivalent).  Calibration must be checked at the volumes used in 
the test. 

 
6.1.4 Evaporative flask - Kuderna-Danish, 500-ml (Kontes K-570001-0500 or 

equivalent).  Attach to concentrator tube with springs, rubber band, or blue 
Keck clip. 

 
6.1.5 Snyder column - three-ball macro (Kontes K-503000-0121 or equivalent). 

 
6.1.6 1000 ml graduated cylinders 

 
6.1.7 250 ml Erlenmeyer flask, glass 
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6.2 Pyrex glass wool.  Anneal in a 500° C oven for 2-4 hours before use. 
 

6.3 Silicon carbide boiling chips, approximately 10/40 mesh.  Heat to 400° C for 30 
minutes or Soxhlet extract with methylene chloride for 4 hours. 

6.4 Water bath, heated with concentric ring cover, capable of temperature control to ± 
2°cC.  The bath should be used in a hood. 

 
6.5 Nitrogen evaporation device equipped with a water bath that can be maintained at 

35-40° C.  The N-Evap by Organomation Associates, Inc. South Berlin, MA (or 
equivalent) is suitable. 

 
6.6 Wide range pH paper (0-14 pH range) 

 
6.7 1.0 ml serological pipets 

 
6.8 Pasteur pipets, glass, disposable 

 
6.9 10-ml amber serum glass vial with crimp-top aluminum seal and Teflon-faced 

septa 
 
7.0 Reagents & Standards 
 

All standards are prepared by the Organic Standards chemist.  Details for the preparation 
are contained in the standard operating procedures (SOP) for that area (Section 7.0 of the 
SOP collection.)  Standards are stored at 4 ± 2°C when not in use. 

 
7.1 Reagent water – All water used in this procedure must be equivalent to ASTM 

Type II water (as it relates to specific conductance and specific resistance) which 
is demonstrated to meet the blank contamination acceptance criteria contained in 
this Standard Operating Procedure (SOP).  It is referred to throughout the 
remainder of this SOP as DI water. 

 
7.2 Solvents, pesticide grade or equivalent 

 
7.2.1 Hexane 

 
7.2.2 Methylene chloride 

 
7.3 Sodium sulfate, (ACS grade) granular, anhydrous. 

 
7.3.1 Dry in 400° C oven for 4 hours in a shallow tray. 
 

7.4 Sodium hydroxide solution (10N), ACS grade. 
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7.4.1 Dissolve 40 g of NaOH pellets in DI water and dilute to 100 ml. 
 

7.5 Sulfuric acid solution, concentrated 
 

7.6 Pesticide/PCB surrogate standard solution #426.  The surrogate compounds are 
tetrachloro-m-zylene (TCX) and decachlorobiphenyl (DCB) at a concentration of 
0.2 µg/ml methanol. 

 
7.7 TCLP PEST/PCB spiking standard solution.  The spiking solutions in methanol 

contain the following pesticides in the concentrations specified: 
 

Compound 
 

Concentration as µg/mL 
 

  
Lindane 0.3 
Heptachlor 0.3 
Heptachlor epoxide 0.3 
Toxaphene 10.0 

 
8.0 Sample Collection, Preservation, & Storage 
 

8.1 Samples are collected, preserved, and stored according to the tables in Sample 
Control SOP 4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample 
holding times are also listed. 

 
8.2 All TCLP leachates must be extracted within 7 days of leachate generation. 

 
8.3 Samples are obtained from the Custodian out of cold storage.  They should be 

allowed to come to room temperature prior to sample preparation.  After 
preparation, they are returned to the Custodian and placed in the cooler. 

 
9.0 Quality Control 
 

9.1 Method blank 
 

9.1.1 A method blank must be prepared and analyzed with every batch of up to 
20 samples extracted.  For SC DHEC analyze the blank every 10 
samples. The method blank is prepared using DI water. 

 
 

9.2 Laboratory Control Sample 
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9.2.1 A laboratory control sample (LCS; blank spike, BS; matrix spike blank for 

NYSASP) must be prepared and analyzed with every batch of up to 20 
samples extracted.  For SC DHEC analyze the LCS every 10 samples.  
The LCS is prepared using extraction fluid diluted with DI water. 

 
9.3 Matrix Spike and Matrix Spike Duplicate 

 
9.3.1 A matrix spike and matrix spike duplicate (MS/MSD) must be performed 

for every SDG. 
 

9.4 Duplicates 
 

9.4.1 Duplicates, at a frequency of 5%, are required when processing samples 
submitted to meet the regulatory requirements of SC DHEC.  The 
MS/MSD count towards this requirement. 

 
10.0 Calibration & Standardization 
 

NA 
 
11.0 Procedure 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures.  The sample preparation technician must complete the extraction worksheet 
(Attachment 2).  Any unused portions must be Z-d out.  The laboratory supervisor 
reviews the completed worksheet for accuracy and completeness and then signs it.  The 
worksheet accompanies the sample to the analytical laboratory.  Include on the worksheet 
the manufacturer and lot number of the reagent/solvents used. 

 
11.1 Prep (rinse) all glassware with methylene chloride before use, including the 

drying column containing sodium sulfate.  Do not use any glassware that appears 
to be dirty or cracked.  Return dirty glassware to the glassware prep area for 
washing, and place cracked glassware in a box to be sent for repair. 

 
11.2 Thoroughly mix the sample before aliquotting.  Using a one-liter graduated 

cylinder, measure 200 ml of the TCLP leachate.  Record the volume on the 
extraction worksheet.  Dilute to 1000 ml with DI water (5:1 dilution), and transfer 
to a 2 liter separatory funnel.  Pipet 1.0 ml #426 surrogate standard spiking 
solution into the separatory funnel and mix well.  Check the pH of the sample 
using wide range pH paper and adjust to a pH between 5 and 9 with 10N sodium 
hydroxide solution or concentrated sulfuric acid. 
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11.3 For the MS/MSD follow step 11.2 using two additional aliquots from one original 
unspiked sample.  Add 1.0 ml of TCLP PEST/PCB spike solution and 1.0 ml of 
#426 standard to the MS/MSD. 

 
11.3.1 Alternately, 100 ml of sample may be diluted to 500 ml with DI water 

with 0.5 ml surrogate and/or spike standard added.  The final volume is 
also reduced by half. 

 
11.4 Prepare a method blank using 1000 ml extracted DI water and transferring to a 2-

liter separatory funnel.  Add 1.0 ml #426 standard. 
 

11.5 Prepare a LCS by measuring 200 ml extraction fluid diluted to 1000 ml with DI 
water and transferring to a 2 liter separatory funnel.  Add 1.0 ml TCLP 
PEST/PCB solution and 1.0 ml #426 standard. 

 
Alternatively, 100 ml of the leachate fluid may be diluted to 500 ml and 
surrogate, spike and final volume reduced by half. 

 
11.6 To prepare the leachate blank, use 200 ml of the TCLP leachate blank and dilute to 

1000 ml with water.  Add 1.0 ml of surrogate solution #426. 
 

Alternatively, 100 ml of the leachate blank may be diluted to 500 ml and surrogate 
and final volume reduced by half. 

 
11.7 Add 60 ml of methylene chloride to each separatory funnel and extract the 

samples by shaking the funnel for two minutes, with periodic venting under the 
hood to release excess pressure.  Allow the organic layer to separate from the 
water phase for at least 10 minutes.  If the emulsion interface between layers is 
more than one third of the volume of the solvent layer, the technician must 
employ mechanical techniques to complete the phase separation.  The optimum 
technique depends on the sample, and may include stirring, filtration of the 
emulsion through glass wool, centrifugation, or other physical means.  Drain the 
methylene chloride into a 250-ml Erlenmeyer flask. 

 
11.8 Add a second 60 ml volume of methylene chloride to the separatory funnel and 

repeat the extraction procedure, combining the extracts in the Erlenmeyer flask.  
Perform a third extraction in the same manner. 

 
11.9 Assemble a 500-ml Kuderna-Danish (K-D) evaporative flask, a 10 ml 

concentrator tube, and a three-ball macro Snyder column.  Prep, i.e. rinse, all 
glassware with methylene chloride. 
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11.10 Pour the combined extract through a drying column containing about 10 cm of 
furnaced sodium sulfate, and collect the extract in the K-D apparatus.  Rinse the 
Erlenmeyer flask and column with 20-30 ml of methylene chloride to complete 
the quantitative transfer. 

11.11 Add one or two clean boiling chips to the evaporative flask and attach a three-ball 
macro Snyder column.  Pre-wet the Snyder column by adding about 1.0 ml of 
methylene chloride to the top of the column.  Place the K-D apparatus on a hot 
water bath (80 to 90°C) so that the concentrator tube is partially immersed in the 
hot water and the entire lower rounded surface of the flask is bathed with hot 
vapor.   Adjust the vertical position of the apparatus and the water temperature as 
required to complete the concentration in 15-30 minutes.  At the proper rate of 
distillation, the balls of the column will actively chatter, but the chambers will not 
flood with condensed solvent.  When the apparent volume of liquid reaches 4 ml, 
remove the K-D apparatus from the bath.  Allow it to drain and cool. 

 
11.12 After the sample has cooled, remove the Snyder column.  Add 50 ml hexane.  Mix 

the solvent in the K-D apparatus by carefully tilting it and allowing the solvent to 
flow out of the attached concentrator tube.  Gently shake the K-D apparatus to 
mix the solvents.  Repeat the mixing step several times.  Pre-wet the top of the 
Snyder column by adding about 1 ml of hexane.   Replace the K-D apparatus on 
the hot water bath.  When the apparent volume of liquid reaches 4 ml, remove the 
K-D apparatus.  Allow it to drain and cool for at least ten minutes. 

 
Caution: Never allow the extract to go dry during any concentration step. 

 
11.13 Concentration technique 

 
11.13.1 Remove the K-D and Snyder column, then place the concentrator 

tube in the N-EVAP and evaporate the solvent volume to 10.0 ml 
using a gentle stream of clean, dry nitrogen.  Alternatively, 
microsnyder concentration may be used. 

 
11.13.2 Rinse the internal wall of the tube several times with hexane as the 

extract concentrates. 
 

11.14 Quantitatively transfer the contents of the concentrator tube to a 10 ml clear vial.  
Label the amber vial with a green label containing the following information: 

 
CompuChem number 
-1021 
Date extracted 



Section No. 2.2.4.3 
Revision No. 8 
Date: March 19, 2003 
Page 10 of 16 
 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Complete all paperwork, verifying the final volumes, and obtain supervisor 
review of paperwork and extracts.  Deliver the extracts and the associated 
paperwork to the designated area within the GC instrumentation laboratory. 

 
11.16 The extract is now ready for analysis following Instrument Procedure 192, 

“Organochlorine Pesticides by GC/ECD-Capillary Column Technique, Method 
8081A” 

 
11.17 Florisil cleanup following Sample Preparation Procedure –938, “Automated 

Florisil Cartridge Cleanup for Pesticide/PCB Analysis by CLP, SW846, and 
NYSASP” may be performed if indicated by the GC laboratory after initial 
analysis. 

 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits (Attachment 1) and precision and accuracy for single analyst (Attachment 3).  The 
data are retained by the QA department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 
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Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 Test Methods for the Evaluation of Solid Waste: Physical/Chemical Methods, 
SW-846, 3rd Edition, 12/96,Method 3510C. 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 
 

16.3 New York State Analytical Services Protocol (NYSASP), 6/2000, plus revisions. 
 
16.4 QCSOP: Proper Documentation Procedures 

 
16.5 QCSOP: Numerical Data Reduction 

 
16.6 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.7 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.8 NELAC Standards, June 2000, plus revisions 
 

16.9 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
16.10 New York State Environmental Laboratory Approval Program, Certification 

Manual, October 15, 1999, plus revisions. 
 

16.11 CompuChem Quality Manual, Revision 4, 12/10/03, plus revisions 
 

16.12 Sample Control SOP 4.1, “Receiving Samples” 
 

16.13 Sample Control SOP 4.6, “Storing Samples” 
 

16.14 Sample Preparation Procedure –814, “Toxicity Characteristic Leaching Procedure 
(TCLP)”. 
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16.15 Instrument Procedure 192, “Organochlorine Pesticides by GC/ECD-Capillary 
Column Technique, Method 8081A” 

 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 – Method detection limits (MDLs) and reporting limits 
 

17.2 Attachment 2 – Sample Preparation –1021 Worksheet 
 

17.3 Attachment 3 – Single Analyst Capability Study 
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Attachment 1 

Study Date & Instrument:  Various GC Pesticide Method 608/8081A Aqueous
  Using higher of two column MDLs
    

Compound Name Rep#1 Rep#2 Rep#3 Rep#4 Rep#5 Rep#6 Rep#7 Rep#8 Rep#9 Mean Amt. S.Dev. MDL Report
ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L Limit

Mix A(1/17/02)(43/46) ug/L

alpha-BHC 0.0540 0.0580 0.0530 0.0550 0.0500 0.0540 0.0490 0.0560 0.0360 0.0517 0.0500 0.00650 0.019 0.10
gamma-BHC(Lindane) 0.0530 0.0540 0.0530 0.0550 0.0520 0.0570 0.0520 0.0600 0.0470 0.0537 0.0500 0.00361 0.010 0.050
Heptachlor NA 0.0630 0.0710 0.0600 0.0570 0.0770 0.0520 0.0660 0.0500 0.0620 0.0500 0.00923 0.028 0.10
Endosulfan I 0.0230 0.0220 0.0210 0.0250 0.0210 0.0220 0.0200 0.0240 0.0200 0.0220 0.0500 0.00173 0.0050 0.10
Dieldrin 0.110 0.106 0.105 0.115 0.104 0.112 0.102 0.122 0.0980 0.108 0.1000 0.00733 0.021 0.10
Endrin 0.109 0.105 0.105 0.114 0.103 0.111 0.103 0.122 0.0970 0.108 0.1000 0.00733 0.021 0.20
4.4'-DDD 0.108 0.101 0.0980 0.108 0.0950 0.117 0.108 0.129 0.101 0.107 0.1000 0.0105 0.030 0.20
4,4-DDT 0.125 0.109 0.111 0.122 0.115 0.126 0.120 0.138 0.113 0.120 0.100 0.00912 0.026 0.30
Methoxychlor 0.545 0.508 0.517 0.580 0.500 0.550 0.520 0.601 0.491 0.535 0.500 0.0373 0.11 0.50

Mix B(1/17/02)(43/46)

Aldrin 0.0550 0.0550 0.0510 0.0510 * 0.0530 0.0530 0.0540 0.0550 0.0534 0.050 0.00169 0.0051 0.050
Isodrin 0.500 0.503 0.467 0.461 * 0.467 0.486 0.491 0.512 0.486 0.50 0.0190 0.057 0.20
beta-BHC 0.0510 0.0520 0.0470 0.0330 * 0.0480 0.0490 0.0490 0.0510 0.0475 0.050 0.00609 0.018 0.10
d-BHC 0.0570 0.0580 0.0530 0.0340 0.0220 0.0540 0.0550 0.0540 0.0560 0.0492 0.050 0.0125 0.036 0.15
Heptachlor epoxide 0.0720 0.0620 0.0540 0.0510 * 0.0520 0.0550 0.0520 0.0590 0.0571 0.050 0.00710 0.021 0.10
g-chlordane 0.0580 0.0600 0.0540 0.0520 * 0.0550 0.0570 0.0560 0.0580 0.0563 0.050 0.00255 0.0076 0.050
alpha-chlordane 0.0550 0.0570 0.0520 0.0510 * 0.0530 0.0530 0.0550 0.0560 0.0540 0.050 0.00207 0.0062 0.10
4,4'-DDE 0.107 0.113 0.103 0.099 * 0.104 0.0980 0.0930 0.103 0.103 0.10 0.00605 0.018 0.10
Endosulfan II 0.0480 0.0490 0.0440 0.0450 * 0.0450 0.0420 0.0430 0.0490 0.0456 0.10 0.00272 0.0082 0.20
Endrin aldehyde 0.112 0.119 0.104 0.108 * 0.106 0.112 0.110 0.166 0.117 0.10 0.0203 0.061 0.20
Endosulfan sulfate 0.124 0.133 0.116 0.118 * 0.116 0.115 0.114 0.121 0.120 0.10 0.00635 0.019 0.20
Endrin ketone 0.122 0.129 0.112 0.107 * 0.115 0.117 0.123 0.123 0.119 0.10 0.00709 0.021 0.50

   
Tech.chlordane(3/14/02)(80/81) 0.620 0.570 0.550 1.00 0.650 NA 0.590 0.580 NA 0.651 0.50 0.157 0.494 5.0
Toxaphene(2/10/02)(43/46) 1.90 2.20 1.90 2.20 2.20 2.20 1.90 2.40 1.60 2.06 5.0 0.246 0.71 10.0
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Attachment 1 (continued) 
 

Study Date & Instrument:  Various GC PCB Method 608/8082 Aqueous
  Using higher of two column MDLs
    

 
Aroclor Rep#1 Rep#2 Rep#3 Rep#4 Rep#5 Rep#6 Rep#7 Rep#8 Rep#9 Mean Amt. S.Dev. MDL Report
(Study date)(Varian) ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L Limit

ug/L

1016(1/29/02)(70) 1.80 2.00 1.70 2.20 1.90 2.20 2.00 2.00 2.00 1.98 2.0 0.164 0.48 1.5
1260(1/29/02)(70) 2.20 2.10 2.00 2.00 2.10 2.30 2.30 2.20 2.20 2.16 2.0 0.113 0.33 1.5
1242(1/30/02)(72) 0.970 0.910 0.890 0.810 1.00 0.880 1.00 0.810 1.30 0.952 1.0 0.149 0.43 1.5
1232(2/4/02)(70) 1.30 1.10 1.40 1.00 1.20 1.30 1.20 1.30 1.20 1.22 1.0 0.120 0.35 1.5
1221(1/28/02)(70) 2.20 1.90 1.40 2.30 1.60 2.20 1.50 2.00 2.00 1.90 2.0 0.328 0.95 3.0
1248(1/29/02)(70) 0.950 0.920 1.10 1.10 0.860 0.920 0.780 0.950 0.990 0.952 1.0 0.103 0.30 1.5
1254(2/11/02)(70) 1.40 1.50 1.20 1.50 1.50 1.60 1.30 1.60 1.40 1.44 1.0 0.133 0.39 1.5
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Attachment 2 
 

COMPUCHEM 
ASSIGNED TO: EXTRACTION WORKSHEET

Pesticide in Water; BY SW-846 Method 3510C DATE EXTRACTED: ____________________
EMP ID NUMBER: TCLP Waste Characterization - 8081A

-1021
SAMPLE     QC SAMPLE SAMPLE FINAL
NUMBER TYPE VOLUME (ml) VOLUME (ml)

1
2
3
4 Use 100 mL of TCLP leachate and dilute to 500 mL with extracted 
5 water for all samples.  Add 0.5 mL TCLP Pesticides spike 
6 to SS's and BS.  Add 0.5 mL of #426 Surr. To all samples.  
7 Final volume = 5.0 mL.
8
9 Florisil (3620B) performed   Y / N

10
11
12
13
14
15
16
17
18
19
20
21
22
23 TCLPBLK
24 TCLPBLK
25 BLK
26 LCS

EXT. TPH SURROGATE & SPIKE ADDED BY

No. 426 __________          _____________ FINAL VOLUME VERIFIED
SURROGATE Amt. 0.5 ml INITIALS       /        DATE

TCLP No. SUPERVISOR REVIEWED
 PEST SPIKE Amt. 0.5 ml Witness ___________/__________

Initials Date

Analysts Initials. Extracted____________________________ KD ___________________________ N2 ________________________ Bottle up__________________________

Manufacturer and lot number of reagents/solvents used ________________________________________________________________________________________________________

COMMENTS
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Attachment 3 
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Sample Preparation Procedure -735 (-233-->945) Low Level Preparation for the Analysis of 
PCBs Only in Soil/Sediment/Sludge by SW-
846 and NYSASP 

 
 
1.0 Scope and Application 
 

The following sample preparation procedure is designed to prepare soil/sediment/sludge 
samples for Aroclor-only analysis by GC/ECD. The soil samples are extracted by 
sonication and the extracts subjected to an acid wash to remove interferences.  The 
procedure is based on SW-846, Method 3550B and Method 3665A (sulfuric acid wash). 

 
The method detection limits (MDLs) and reporting limits are shown in Attachment 1. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 
 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary 
 

A 30-g aliquot of sample is spiked with the surrogate solution and then mixed with 
sodium sulfate, and extracted with a 1:1 methylene chloride/distilled acetone solvent 
mixture by sonication. The extract is then filtered, dried, and concentrated by Kuderna 
Danish (K-D) evaporation flask.  Mandatory sulfuric acid wash of the extract is then 
performed. 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined form analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration. 

3.3 Reporting Units – μg/Kg 
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3.4 An SDG is defined by the following, whichever is more frequent: 

 
• Each 20 field samples received within a case, or 

 
• Each 7 calendar day period (14 calendar days if requested by the client) 

during which field samples in a case are received (period beginning with the 
receipt of the first sample in the SDG) 

 
NOTE: The Army Corps of Engineers (US ACE) and SC DHEC do not accept 

the SDG approach, unless the samples are prepared in a single batch.  
When a group of up to 20 field samples of a similar matrix are prepared 
as one batch, method-specified QC samples such as a method blank, 
laboratory control sample, matrix spike, matrix spike duplicate, and 
matrix duplicate must also be prepared together at a rate of 5% and 
10% for SC DHEC.  If samples are batched together from different 
sites, project-specific QC must be processed. 

 
3.5 SC DHEC – South Carolina Department of Health and Environmental 

Control 
 
4.0 Interferences 
 

4.1 Method interferences might be caused by contaminants in solvents, reagents, 
glassware, and other sample processing hardware. These contaminants lead to 
discrete artifacts or to elevated baselines in gas chromatograms (GC).  Routinely, 
all of these materials must be demonstrated to be free from interferences under the 
conditions of the analysis by running reagent blanks.  Interferences caused by 
phthalate esters can pose a major problem in pesticide analysis. Common flexible 
plastics contain varying amounts of phthalates which are easily extracted during 
laboratory operations, so cross-contamination of glassware frequently occurs 
when plastics are handled. Interferences from phthalates can best be minimized 
by avoiding the use of such plastics in the laboratory. 

 
4.2 Matrix interferences may be caused by contaminants that are co-extracted from 

the sample.  The extent of matrix interferences will vary considerably from source 
to source, depending on the nature of the site being sampled.  The cleanup 
procedures must be used to remove such interferences in order to achieve the 
Contract Required Quantitation Limits (CRQL) or Practical Quantitation Limits 
(PQL).  Extract cleanup procedures include a mandatory sulfuric acid wash 
(Method 3665A) and the optimal gel permeatim cleanup (Method 3640A). 

5.0 Safety 
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5.1 Wear the proper personal safety equipment (gloves, lab coat, safety glasses) while 
performing this procedure. 

 
Laboratory staff is encouraged to review the Chemical Hygiene Plan for general 
safety policies, and Material Safety Data Sheets for reagents used in the 
laboratory. 
 

6.0 Equipment and Supplies 
 

6.1 Sonic cell disruptor--Heat Systems, Ultrasonics, Inc., Model W-990 (475-watt 
with pulsing capability, No. 207 3/4-inch tapped disrupter horn), or equivalent 
device with a minimum 375-watt output capability.   

 
NOTE: In order to ensure that sufficient energy is transferred to the sample during 

extraction, the horn must be replaced if the tip begins to erode.  Erosion of 
the tip is indicated by a rough surface. 

 
6.2 Sonabox (or equivalent)--for use with disrupter to decrease noise level 
 
6.3 250-ml centrifuge bottles--Corning 1250 bottle, Corning glass 
 
6.4 K-D apparatus 

 
6.4.1 Concentrator tube--10-ml, graduated (Kontes K-570040-1029, or 

equivalent) 
 
6.4.2 Evaporative flask--500-ml (Kontes K-470001-0500, or equivalent) 
 
6.4.3 Snyder column--three-ball macro (Kontes K-503000-0121, or equivalent) 
 

6.5 Funnels and Filter Paper 
 

6.5.1 Powder funnels--10-cm diameter (optional), for filtration/drying 
 
6.5.2 Filter paper--No. 41 pre-prepped Whatman (or equivalent), 9-cm circles 

(optional) 
 

6.6 Silicon carbide boiling chips--approximately 10 to 40 mesh.  Heat the chips to 
400°C for 30 min or solvent rinse before use. 
 

6.7 Water bath--heated, with concentric ring cover, capable of temperature control 
(±5°C).   
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NOTE:  Always use the water bath in a hood. 
 
6.8 Top-loading balance--capable of weighing accurately to ± 0.01 g 
 
6.9 Nitrogen evaporation device--equipped with a heated bath that can be maintained 

at 35°C to 40°C, N-Evap by Organomation Associates, Inc., South Berlin, MA (or 
equivalent) 

 
6.10 Vials and caps--2-ml for GC autosampler 
 
6.11 Bottle or test tube--20-ml with Teflon-lined screw-cap for sulfur removal, if 

needed. 
 
6.12 Glass vials--minimum of 20-ml, with screw-cap and Teflon or aluminum foil liner 
 
6.13 Spatula--stainless steel 
 
6.14 Pipet--Volumetric 1.0-ml or 2.0-ml (optional) 
 
6.15 Syringe--1.0-ml or 2.0-ml (optional) 
 
6.16 Vials--10-ml, with aluminum crimp-top and Teflon-faced silicone rubber seal 
 
6.17 Tube--centrifuge, 20- to 15-ml with 19-mm ground glass joint  
 
6.18 Centrifuge--table top (IEC model Centra-8) 
 
6.19 Vortex mixer--Genie, Model 550-6, Scientific Industrial, Inc., Bohemia, NY, or 

equivalent. 
 

6.20 Disposable Pasture glass pipets, 1-ml. 
 
7.0 Reagents and Standards 
 

Refer to the Standards Preparation Logbook 22 F for details on preparation of 
standards used in this procedure.  All standards used in this procedure are 
prepared in pesticide grade acetone or methanol.   Standards are stored separately 
from samples in the laboratory when not in use. 

 
7.1 Reagent water – All water used in this procedure must be equivalent to ASTM 

Type II water (as it relates to specific conductance and specific resistance) which 
is demonstrated to meet the blank contamination acceptance criteria contained in 
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this Standard Operating Procedure (SOP).  It is referred to throughout the 
remainder of this SOP as DI water. 

 
7.2 Sodium sulfate--granular, anhydrous reagent grade, heated at 400°C for 4 hr, 

cooled, and stored in a closed glass bottle. Mallinckrodt anhydrous granular, or 
equivalent. 

 
CAUTION: An open container of sodium sulfate may become contaminated 

during storage in the laboratory. 
 

7.3 Solvents - pesticide quality or equivalent. Each lot of solvent is tested to 
demonstrate that it is free of interferences before use. 

 
7.3.1 Methylene chloride - must be certified as acid free or must be tested to 

demonstrate that it is free of hydrochloric acid. 
 

7.3.2 Hexane 
 

7.3.3 Acetone 
 

7.4 Surrogate solution #426 - The surrogates, tetrachloro-m-xylene and 
decachlorobiphenyl are added to all, samples, MS/MSD, LCS and blanks. 

 
7.4.1 This solution must be prepared every six months or sooner if comparison 

with quality control check samples indicates degradation or concentration 
of solution compounds. 

 
7.4.2 The surrogate solution is stored at 2-4.4°C when not in use. 

 
7.5 PCB matrix spiking solution #4615-- Prepare a spiking solution in acetone or 

methanol that contains the following Aroclor at the concentration specified: 
 

PCB   µg/ml 
 

1660   5.0 
 

7.5.1 This solution must be prepared every six months or sooner if comparison 
with quality control check samples indicates degradation or concentration 
of solution compounds. 

 
7.5.2 The matrix spiking solution is provided by the Organic Standards Chemist 

and stored at 2-4.4 °C. 
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8.0 Sample Collection, Preservation, & Storage 
 

8.1 Samples are collected, preserved, and stored according to the tables in Sample 
Control SOP 4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample 
holding times are also listed. 

 
8.2 Samples are collected in 8 oz. wide mouth jars with PTFE – lined caps.  They are 

obtained from the custodian out of cold storage. 
 

8.3 Samples are stored at 2-4.4°C.  They are obtained from the Custodian out of cold 
storage. Samples should be allowed to come to room temperature prior to sample 
preparation.  After preparation, they are returned to the Custodian and placed in 
the cooler. 

 
8.4 Samples must be extracted within 14 days of collection. 

 
9.0 Quality Control 
 

9.1 Method Blank 
 

9.1.1 Prepare a method blank with each extraction batch of up to 20 
samples.  For SC DHEC, the method blank is performed at a 
frequency of 10%. 

 
9.2 Laboratory Control Sample 
 
 9.2.1 Prepare a laboratory control sample (LCS; blank spike, BS) with each 

extraction batch of up to 20 samples.  For SC DHEC, the laboratory 
control sample is performed at a frequency of 10%.   For NYSASP, the 
LCS is called a matrix spike blank. 

 
9.3 Matrix Spike/Matrix Spike Duplicate 

 
  9.3.1 A matrix spike (MS) and matrix spike duplicate (MSD) are prepared 

for every sample delivery group (SDG).   For SC DHEC, the matrix 
spike/matrix spike duplicate are performed at a frequency of 5% for 
soil samples. 

 
 9.4 Duplicates 

 
9.4.1 Duplicates, at a frequency of 5%, are required when processing soil 

samples submitted to meet the regulatory requirements of South Carolina 
DHEC.  This requirement may be satisfied with the MS/MSD. 
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10.0 Calibration & Standardization 
 

10.1 Ensure the balance has been calibrated for the day before use.  Refer to Quality 
Control SOP 13.16 “Top Loading Balance Calibration and Maintenance.” 

 
11.0 Procedure 

 
11.1 Mix samples thoroughly, especially composited samples.  Discard any foreign 

objects such as sticks, leaves, and rocks.  Also, decant and discard any standing 
aqueous phase.  Samples must be at room temperature. 

 
11.2 The technician performing the sample extraction completes the Extraction 

Worksheet (Attachment 2).  The worksheet accompanies the samples for acid 
washing (SPP -945) and then to the GC laboratory.  Also, a witness observes the 
addition of the surrogate and spike solutions and signs off on the Extraction 
Worksheet, verifying that the additions were done correctly.  Include on the 
worksheet, the manufacturers and lot numbers of the reagents/solvents used. 

 
11.3 Documentation must follow the requirements in QC SOP: Proper Documentation 

Procedures. 
 
11.4 Extraction with Sonication 

 
11.4.1 Weigh approximately 30 g of sample into a 250-ml centrifuge bottle 

(record weight to the nearest 0.1 g on the Extraction Worksheet, and add 
60 g of anhydrous sodium sulfate (granular). Mix the sample thoroughly. 

 
11.4.2 For a sample to be used for the MS and MSD analysis, weigh out two 

additional 30-g portions of sample, (record weight to nearest 0.1 g), add 
60 g of sodium sulfate, and add 1.0 ml of the PCB matrix spike solution 
#4615 to the MS and MSD aliquot.  To prepare a LCS, weigh an 
additional 30.0 g of sodium sulfate (furnaced), and add 60.0 g sodium 
sulfate.  Add 1.0 ml of PCB matrix spike solution #4615 to the LCS. 

 
11.4.3 Prepare a method blank with each batch of soil/sediment samples 

extracted.  A method blank for soil/sediment samples consists of 90 g of 
sodium sulfate spiked with the 2.0 ml of the surrogate solution #426 and 
is carried through the entire analytical procedure. 

 
11.4.4 Add 2.0 ml of surrogate solution #426 to all samples, the MS, MSD, 

LCS, and blanks by using a volumetric pipet or a syringe.  Mix the 
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solution well.  The sample and the added sodium sulfate should be a 
homogeneous, granular mixture at this point. 

 
11.4.5 Immediately add 80-100 ml of 1:1 methylene chloride acetone to the 

sample. 
 
11.4.6 Place the bottom surface of the sonicator probe about 1/2 inch below the 

surface of the solvent but above the sediment layer. 
 
11.4.7 Sonicate for 3 minutes using a 3/4-inch horn at 100% power output with 

PULSE set on 1 second, ON, and PERCENT DUTY CYCLE knob set at 
50%. Do NOT use a microtip. 

 
11.4.8 Centrifuge each sample for 2 minutes at 2000 rpm.  Decant and filter the 

extracts through pre-prepped Whatman No. 41 filter paper in a powder 
funnel into the K-D apparatus.  An alternative is a Buchner funnel 
filtration with Whatman No. 41 filter paper. 

 
11.4.9 Repeat the extraction two more times with additional 80-100 ml portions 

of the 1:1 methylene chloride:DI acetone. Before each extraction, 
thoroughly mix the solid residue, and make certain that the sodium 
sulfate is free flowing and not a consolidated mass.  As needed, break up 
large lumps with a clean spatula.  Decant and filter the extraction solvent 
after each sonication by using the same funnel described in paragraph 
11.4.8.  After the final sonication, pour the entire sample into the funnel 
and rinse the beaker and funnel with 20-30 mL methylene chloride. 

 
11.4.9.1 If particulate matter is observed, filter the entire extracted 

sample again by placing a new prepped filter in the original 
funnel and pouring the extracted sample through the funnel.  
Rinse with methylene chloride. 

 
11.5 Soil Extract Concentration 

 
11.5.1 Add one or two clean boiling chips to the evaporative flask and attach a 

three-ball macro-Snyder column, while adding about 1 ml of methylene 
chloride to the top of the Snyder.  Place the K-D apparatus on a hot water 
bath (80-85°C) so that the concentrator tube is partially immersed in the 
hot water and the entire lower rounded surface of the flask is bathed with 
hot vapor. Adjust the vertical position of the apparatus and the water 
temperature as required to complete the concentration in 15-30 minutes.  
At the proper rate of distillation, the balls of the column will actively 
chatter, but the chambers will not flood with condensed solvent.  Reduce 
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the volume of liquid to 3-5 ml.  Remove the K-D apparatus and allow it to 
drain and cool for at least 10 minutes. 

 
11.5.1.1 DO NOT ALLOW THE K-D EVAPORATOR TO GO DRY.  

If this should occur, the entire procedure must be begun again. 
 

11.6 Solvent Exchange into Hexane 
 

11.6.1 Momentarily remove the Snyder column.  Add 60 ml of hexane and a 
new boiling chip, and reattach the Snyder column.  Pre-wet the column 
by adding about 1 ml of hexane to the top. Concentrate the solvent 
extract as before.  When the apparent volume of liquid reaches 3-5 ml, 
remove the K-D apparatus and allow it to drain and cool for at least 10 
minutes.  Alternatively, hexane may be added to the top of the Snyder 
column without allowing the K-D apparatus to cool. 

 
11.6.1.1 DO NOT ALLOW THE K-D EVAPORATOR TO GO DRY.  

If this occurs, the entire procedure must be begun again. 
 

11.6.2 Remove the K-D and Snyder column, then using the nitrogen 
evaporation (N-EVAP) technique or microsnyder concentration, 
concentrate the extract to a final volume of 5.0 mL. 

 
11.6.3 Bottle up the extract that is now ready for sulfuric acid clean-up using 

Sample Preparation Procedure –945,  “Sulfuric Acid Wash of PCB-only 
Hexane Extracts by SW846.” 

 
12.0 Data Analysis & Calculations 

 
Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 

13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits (Attachment 1) and precision and accuracy for single analyst (Attachment 3).  The 
data are retained by the QA department. 

14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
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pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing. 
 

15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 
 
Samples preserved with HCl or H2SO4 to pH <2 are hazardous and must be neutralized 
before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 
 

16.0 References 
 

16.1 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846. 
3rd Edition, Update III, 12/96, Method 3550B 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 
 

16.3 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 

 
16.4 New York State Analytical Services Protocol (NYSASP), 6/2000, plus revisions 

 
16.5 QCSOP: Proper Documentation Procedures 

 
16.6 QCSOP: Numerical Data Reduction 

 
16.7 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.8 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.9 NELAC Standards, approved May 2001, plus revisions 
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16.10 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 

Quality-Related Operations EPA/600/R-96/027, November 1995. 
 

16.11 New York State Environmental Laboratory Approval Program, Certification 
Manual, October 15, 1999, plus revisions. 

 
16.12 CompuChem Quality Manual, Revision 4 12/10/03, plus revisions 

 
16.13 Sample Control SOP 4.1, “Receiving Samples” 

 
16.14 Sample Control SOP 4.6, “Storing Samples” 

 
16.15 Quality Control SOP 13.16, “Top Loading Balance Calibration and 

Maintenance.” 
 

16.15 Instrument Procedure 194 (SOP Section 2.2.5.3) “Polychlorinated Biphenyls 
(PCBs) as Aroclors by GC/ECD – Capillary Column Technique – Method 8082 
(SW 846 and NYSASP).” 

 
16.16 Sample Preparation Procedure –945,  “Sulfuric Acid Wash of PCB-only Hexane 

Extracts by SW846.” 
 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 

 
17.1 Attachment 1 – MDL Study 
 
17.2 Attachment 2 – Extraction Worksheet (-735) 

 
17.3 Attachment 3 - Single Analyst Capability Study 



Section No. 2.2.5.2 
Revision No. 7 
Date:  March 12, 2004 
Page 13 of 15 
  

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Attachment 1 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note:  Attachment is subject to change without notice. 
Note:  The estimated detection limit is 1/5 the reporting limit. 

Study Date & Instrument:  Various GC PCB Method 3550B/8082 Soil (Sonication)
  Using higher of two column MDLs
 Based on 30 g sample weight, 5 mL extract volume, without GPC

 
Aroclor Rep#1 Rep#2 Rep#3 Rep#4 Rep#5 Rep#6 Rep#7 Rep#8 Rep#9 Mean Test Conc. S.Dev. MDL Report Limit
(Study date)(Varian) ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg ug/Kg

1016 (Prep 1/11/04) (Analysis 
1/17/04)(86/87) 41.0 44.0 42.0 43.0 47.0 43.0 43.0 46.0 43.0 43.6 33.3 1.88 5.4 31
1260 (Prep 1/11/04) (Analysis 
1/17/04)(86/87) 37.0 36.0 33.0 37.0 35.0 34.0 34.0 34.0 30.0 34.4 33.3 2.19 6.3 31
1242 (Prep 1/19/04) (Analysis 
1/20/04)(86/87) 38.0 32.0 33.0 35.0 37.0 31.0 36.0 31.0 * 34.1 33.3 2.75 8.2 21
1232 (Prep 1/11/04) (Analysis 
1/17/04)(86/87) 51.0 52.0 56.0 58.0 57.0 54.0 57.0 47.0 * 54.0 33.3 3.8 11.3 31
1221 (Prep 1/29/04) (Analysis 
1/30/04)(86/87 70.0 73.0 69.0 66.0 71.0 72.0 66.0 71.0 73.0 70.1 66.7 2.67 7.7 42
1248 (Prep 1/9/04) (Analysis 
1/18/04)(86/87) 38.0 43.0 45.0 48.0 43.0 39.0 41.0 48.0 37.0 42.4 33.3 4.07 11.8 21
1254 (Prep 1/9/04) (Analysis 
1/18/04)(86/87) 37.0 34.0 32.0 36.0 35.0 34.0 38.0 35.0 36.0 35.2 33.3 1.79 5.18 21

* Data point eliminated using Dixon outlier test
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Attachment 2 
 

 
 
 
 
 
 
 
 

Note:  Attachment is subject to change without notice. 
 
 

CompuChem
ASSIGNED TO EXTRACTION WORKSHEET

PCB ONLY IN S/S/S BY METHOD 3550A/3665 for 8082
 
EMPLOYEE ID # -735 PCB's ONLY DATE EXTRACTED/POSTED _________________

 SAMPLE FINAL
 SAMPLE   QC SAMPLE  WEIGHT VOLUME
 NUMBER TYPE (g) (ml)

1  

2

3

4

5

6

7

8

9

10

11

12 ACID WASH (3665A) 5 ML FINAL EXTRACT

13 VOLUME.

14

15

16

17

18

19

20

21

22

23 BLK

24 LCS
# AMOUNT LOT #  SURROGATE AND SPIKE ADDED BY:

  SURROGATE 426 2.0 ml _________   / _________________ FINAL VOLUME VERIFIED:  ______________________

  SPIKE 4615 1.0 ml INITIALS            DATE

SUPERVISOR REVIEWED:  _______________________

Analysts initials.   Extract _________     KD _____________     N2___________     Bottle up ___________   Acid Wash _____________ Witness _____________/________________

                   Initials Date
Manufacaturers and lot numbers of reagents/solvents used ____________________________________________________________________________________

COMMENTS
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Attachment 3 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note:  Attachment is subject to change without notice. 
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Instrument Procedure 194: GC/ECD Analysis of Polychlorinated Biphenyls (PCBs) as 
Aroclors in Water and Soil Extracts by SW-846 and NYSASP 

 
 
1.0 Scope and Application 
 

Method 8082 is used to determine the concentration of various polychlorinated biphenyls 
(PCBs) as Aroclors in extracts from solid and liquid matrices.  Open-tubular, capillary 
columns are employed with electron capture detectors (ECD).  While Method 8082 also 
provides for the analysis of individual PCB congeners, this procedure only deals with the 
determination of PCBs as Aroclors.  The following are amenable to analysis using this 
method: 

 

Compound Name CAS Registry No.

Aroclor-1016 12674-11-2 
Aroclor-1221 11104-28-2 
Aroclor-1232 11141-16-5 
Aroclor-1242 53469-21-9 
Aroclor-1248 12672-29-6 
Aroclor-1254 11097-69-1 
Aroclor-1260 11096-82-5 

 
 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

Prior to analysis the sample must be extracted following Sample Preparation Procedure –
1049, “PCBs in Water Preparation Procedure,” Sample Preparation Procedure –735 (-
233→945), “Low Level Preparation for Analysis of PCBs only in 
Soil/Sediment/Sludge”. Sample Preparation Procedure –247, Sample Preparation 
Procedure –236, “Soxhlet Extraction of S/S/S Samples by Method 3540C in SW-846 & 
NYSASP,”or “Automated Soxhlet Extraction of Soil/Sediment/Sludge and Wipe 
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Samples by SW-846 + NYSASP.” A variety of optional cleanup steps may be used, 
including Florisil, Gel Permeation Chromatography (GPC) or acid wash. 

 
The analysis is performed using the dual column option described in Method 8082 where 
a Y-splitter joins a single injection port with two dissimilar analytical columns.  In this 
manner, confirmation may be performed simultaneously with the primary analysis.  After 
cleanup, the extract is analyzed by injecting 2 or 4 μL (1 or 2 μL per column) into a GC 
with dual wide-bore, fused silica, capillary columns with dual electron capture detectors 
(GC/ECD). 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL are reported and qualified as estimated 
concentrations. 
 
To meet the requirements of the DoD-QSM, the reporting limit must be at 
least three times higher than the calculated MDL value.  The reporting limit 
may be adjusted upward in order to achieve this minimal ratio.   

 
3.3 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The DoD-QSM and SC DHEC do not accept the SDG approach, unless 

the samples are prepared in a single batch.  When a group of up to 20 
field samples of a similar matrix are prepared as one batch, method-
specified QC samples such as a method blank, laboratory control 
sample, matrix spike, matrix spike duplicate, and matrix duplicate must 
also be prepared together at a rate of 5% for the DoD-QSM and 10% 
for SC DHEC.  If samples are batched together from different sites, 
project-specific QC must be processed. 
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3.4 SC DHEC – South Carolina Department of Health and Environmental Control 
 
3.5 Aroclor 1660 – Term to denote a mixture of Aroclor 1016 and 1260 
 
3.6 DoD-QSM – Department of Defense-Quality Systems Manual 

 
4.0 Interferences 
 

4.1 Interferences in this method can be grouped into three broad categories: 
contaminated solvents, reagents, or glassware; contaminated GC carrier gas, 
parts, column surfaces, detector surfaces; and the presence of co-eluting 
compounds in the sample matrix that also are detected by the ECD.  Specific 
cleanups may be necessary for samples, depending on the compounds of interest. 

 
4.2 Interferences by phthalate esters introduced during the sample preparation 

procedures can be a major problem.  Common flexible plastics found in certain 
gloves and other objects contain varying amounts of phthalates which may be 
introduced during lab operations.  Cross-contamination of clean glassware 
routinely occurs when plastics are handled during extraction steps, especially 
when solvent wetted surfaces are handled.  These interferences can be minimized 
by cleanup of solvents, reagents, and glassware. 

 
4.3 Glassware must be scrupulously cleaned as soon as possible after use by rinsing 

with the last solvent used.  This should be followed by detergent washing with hot 
water, and rinses with tap water and organic-free reagent water.  Drain the 
glassware and dry in an oven at 130o C for several hours or rinse with methanol 
and drain. 

 
4.4 The presence of elemental sulfur will result in broad peaks that interfere with 

early eluting pesticides, and can be removed by cleaning the extract with shiny 
copper or by the use of GPC cleanup, or with tetrabutylammonium (TBA) sulfite 
reagent 

 
4.5 Waxes, lipids, and other high molecular weight compounds are also removed 

using GPC. 
 
5.0 Safety 
 

Appropriate protective equipment and clothing must be used under the assumption that 
all samples are potentially hazardous.  During sample preparation glasses, gloves and lab 
coats are a minimum requirement.  The persistent presence of noxious odors may be 
indicative of failure of the laboratory ventilation system and must be reported to a 
supervisor or manager. 
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Laboratory staff are encouraged to review the Chemical Hygiene Plan for general safety 
policies, and Material Safety Data Sheets for reagents used in the laboratory. 

 
6.0 Equipment & Supplies 
 

6.1 Gas chromatograph: Varian 3400 and Trace 2000 suitable for splitless injection 
with all required accessories, including syringes, analytical columns, gases, 
ECDs, and integrator or data system. 

 
6.2 The following wide-bore columns are used in the analysis: 

 
6.2.1 Column 1-30 m x 0.53 mm ID fused silica capillary column bonded with 

35% phenyl methylpolysiloxane (CLPesticides), 0.50 μm film thickness 
 

6.2.2 Column 2 - 30 m x 0.53 mm ID fused silica capillary column chemically 
bonded with 50% phenyl methylpolysiloxane (CLPesticides2), 0.42 μm 
film thickness 

 
6.2.3 Wide-bore columns are installed in a 1/4 inch injectors, with deactivated 

liners designed specifically for use with mega-bore columns 
 

6.2.4 Restek Y-shaped fused silica connector 
 
7.0 Reagents & Standards 
 

Refer to the Standards Preparation Logbook 22 F for details on preparation of 
 standards used in this procedure. 
 

7.1 Reagent water – All water used in this procedure must be equivalent to ASTM 
Type II water (as it relates to specific conductance and specific resistance) which 
is demonstrated to meet the blank contamination acceptance criteria contained in 
this Standard Operating Procedure (SOP).  It is referred to throughout the 
remainder of this SOP as DI water. 

 
7.2 Reagent or pesticide grade chemicals must be used for all tests. 

 
7.3 All standard solutions should be stored at 4o C in Teflon-sealed containers in the 

dark.  All stock standard solutions must be replaced after one year or sooner if 
routine QC indicates a problem.  All other standard solutions must be replaced 
after six months or sooner if QC indicates a problem. 
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7.4 Stock standard solutions (1 mg/mL) are purchased from Restek Corporation, for 
example, as certified solutions, or they may be prepared from neat material. 

 
7.5 Calibration standards are prepared at five concentrations by diluting the stock 

standards solutions with hexane. 
 

7.6 Separate calibration standards are used for each multi-component analyte, with 
the exception of Aroclors 1016 and 1260, which can be run as a mixture.  The 
mixture is referred to as Aroclor 1660. 

 
7.6.1 The second source Initial Calibration Verification standard is Aroclor 

1660 prepared at 100 ηg/mL. 
 

7.7 Surrogate standards are added to all samples, method blanks, matrix spikes, 
laboratory control samples and calibration standards. 

 
8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control SOP 
4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are 
also listed. 

 
8.2 All extracts must be analyzed within 40 days of extraction. 

 
8.3 Prior to analysis, all extracts must be stored under refrigeration at 2 - 4o C in the 

reach-in storage unit in the laboratory.  After analysis, extracts are returned to 
Sample Control for long-term storage and disposal. 

 
9.0 Quality Control 
 

9.1 Routine Instrument Maintenance 
 

9.1.1 When linearity is difficult to achieve, verify that the appropriate length of 
column is inserted in the detector.  Examine all column ends and 
determine if the ends of the columns need to be trimmed.  The removal of 
0.5 meters of the detector end of the column may be indicated when 
linearity is difficult to achieve. 

 
9.1.2 When the instrument blanks fail, examine the chromatography to 

determine if there is contamination in the column that is causing the 
failure.  If so, bake the column for 1 hour or less to see if this can be 
corrected.  If the contamination is such that baking for 1 hour does not 
improve the baseline, it may be necessary to change the liner. 
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9.1.3 When calibration verifications fail recovery low, verify that the correct 

peaks are being named.  Also verify that the syringe is not plugged and 
change the septa.  If the calibration verification fails again, examine the 
chromatography to determine if there is a problem with the baseline that is 
causing the failure.  If so, bake the column for 1 hour or less to see if this 
can be corrected.  Also, if the calibration verification is failing on only one 
column, the y-splitter may be plugged.  If the calibration verification 
continues to fail, the instrument will need a new calibration curve. 

 
9.1.4 When calibration verifications fail recovery high, verify that the correct 

peaks are being named.  Examine the chromatography to determine if 
there is contamination on the column that is causing the failure.  If so, 
bake the column for 1 hour or less to see if this can be corrected.  If the 
calibration verification fails again, the instrument will need a new 
calibration curve. 

 
9.1.5 When the calibration verification fails due to drift, change the septa and 

verify that all the column fittings are secure.  Also, determine if there is 
contamination on the column that is causing the failure.  If so, bake the 
column for 1 hour or less to see if this can be corrected.  If the calibration 
verification still fails, it is permissible to update retention times once per 
24 hours period.  Record in the instrument run log when the retention 
times are updated. 

 
9.1.6 All preventive and routine maintenance as mentioned above is recorded in 

the instrument run log.  Major maintenance is recorded in the maintenance 
log (Attachment 2). 

 
9.2 Initial Calibration 

 
9.2.1 The percent Relative Standard Deviation (%RSD) of the calibration 

factors for each selected Aroclor component in the initial calibration must 
be less than or equal to 20%.  The % RSD for Aroclors is calculated by 
determining the mean of the average of the five selected peaks in each 
standard level.  Acceptance criteria must be met by the average of the five 
peaks, as opposed to each individual peak.  

 
9.2.2 When the %RSD is ≤ 20%, the instrument response is considered to be 

linear and the mean calibration factor can be used for quantitation.  If the 
%RSD is greater than 20%, the analyst will investigate and correct the 
problem and repeat the initial calibration.  Alternatively, a calibration 
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model, such as a least squares regression, is available in the ThruPut 
system. 

 
9.2.2.1 For samples submitted to meet the regulatory requirements of the 

State of South Carolina, the use of a quadratic fit to demonstrate 
the linearity of the initial calibration is not allowed.  The use of a 
linear regression is permitted. 

 
Note: The DoD-QSM does not allow the use of  quadratic fit 

linear regression model. 
 

9.2.2.2 When the linear option is used, the line must not be forced 
through the origin (zero) and the correlation coefficient of the 
equation must be 0.99 or greater for a valid calibration.  The 
DoD-QSM requires the correlation coefficient to be ≥ 0.995. 

 
9.3 Initial Calibration Verification 

 
9.3.1 Analyze a second source initial calibration verification (ICV) standard to 

verify the standard curve before proceeding with analyses. 
 

9.3.2 The acceptance criteria for the ICV is +/-20% of the true value. 
 

9.4 Continuing Calibration 
 

9.4.1 The calibration factors in all continuing calibration verification standards 
must be within ± 15% difference (%D) when compared to the mean 
calibration factors from the initial calibration on both analytical columns.  
The % D is calculated by determining the average %D of the five selected 
peaks for each Aroclor.  Acceptance criteria must be met by the average of 
the five peaks, as opposed to each individual peak. 

 
9.4.2 If the %D exceeds ± 15%, then corrective action must be taken and the 

continuing calibration verification re-injected.  If the calibration still 
exceeds the criteria, a new initial calibration must be analyzed. 

 
9.4.3 If any of the continuing calibration Aroclor components fall outside their 

retention time windows, the system is out of control and corrective action 
must be taken to correct the problem.  If, after re-injection of the standard 
following corrective action, the retention times are still outside the 
windows, a new initial calibration must be analyzed. 
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9.5 Surrogates 
 

9.5.1 Statistical control limits for surrogates are shown in the following table.  
Surrogate recoveries must be met for all samples, blanks, laboratory 
control samples, matrix spikes, and matrix spike duplicates. 

 

Percent Recovery Range 
Surrogate 

Water Soil 

Decachlorobiphenyl 43-144 43-144 

Tetrachloro-m-xylene 43-135 43-135 
 

If both surrogates (tetrachloro-m-xylene and decachlorobiphenyl) are 
outside the control range on both columns, the sample must be re-
extracted and re-analyzed.  Only one surrogate is required to pass on one 
column. 
 

9.5.2 An exception to the above criteria is allowed for field samples and matrix 
spikes if the recovery is out of range due to interfering peaks.  
Chromatograms must be examined to determine if the out of control 
condition may be attributed to sample interferences, or to a partial 
injection, before re-extracting the sample. 

 
9.5.2.1 Partial injections should be re-injected and can be diagnosed by 

comparing the solvent peak of the sample to the solvent peak of 
the standard.  They should be similar in size. 

 
9.5.3 The following table contains the DoD-QSM requirement for surrogate 

control limits.  Surrogate recovery criteria must be met on both 
columns. 

 
Surrogate Aqueous Solid 

Decachlorobiphenyl 40-135 60-125 
 
 

9.5.3.1 If the criteria in Section 9.5.3 are not met, the DoD-QSM 
requires the field and QC samples be reanalyzed or re-
extracted (if sufficient sample remains). 
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9.5.3.2 Field and QC samples reported wit failing surrogates are 
qualified in the narrative, referencing the applicable DoD-
QSM data flag (Q or J). 

 
9.6 Method blanks 

 
9.6.1 Method blanks are extracted with each preparation batch of up to 20 

samples.  For SC DHEC, the method blank is performed at a frequency of 
10%. 

 
9.6.2 The acceptance criteria for method blanks includes the following: 
 

9.6.2.1 Surrogates acceptance criteria must be met. 
 
9.6.2.2 No target analytes may be present above the reporting limit. 
 
9.6.2.3 To meet the requirements of the DoD-QSM, no target analytes 

may be present at concentrations above half the reporting 
limit. 

 
9.6.3 If the method blank exceeds acceptance criteria, the source of the problem 

(s) must be investigated and appropriate corrective action taken.  All 
samples processed with a method blank that does not meet acceptance 
criteria must be re-extracted and reanalyzed. 

 
9.7 Laboratory Control Sample (LCS) 

 
9.7.1 An LCS is DI water, or furnaced Ottawa sand or sodium sulfate for solid 

matrices, spiked with a target Aroclor and surrogates.  The LCS is 
prepared with each preparation batch of samples.  For SC DHEC, the LCS 
is performed at a frequency of 10%. 

 
 
 
 
 
 
 
9.7.2 LCS recovery limits are as follows. 

 

Analyte Aqueous 
% Recovery 

Solid 
% Recovery 
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Aroclor 1260 59-120 37-137 
Aroclor 1016 63-132 50-145 

 
 

9.7.2.1 The LCS control limits required by the DoD-QSM are as 
follows: 

 

Analyte Aqueous 
% Recovery 

Solid 
% Recovery 

Aroclor 1260 25-145 40-140 
Aroclor 1016 30-145 60-130 

 
 
9.7.2.2 If the LCS fails the DoD-QSM acceptance criteria, correct the 

problem and re-extract and reanalyze the associated samples. 
 
9.7.2.3 If corrective actions fail, e.g., insufficient sample remains for 

extraction, report data associated with failing LCS.  Qualify 
the specific analytes in the associated field and QC samples in 
the narrative, referencing the appropriate DoD-QSM data flag 
(Q). 

 
9.7.3 Surrogate acceptance criteria must be met. 
 
9.7.4 If the LCS fails to meet acceptance criteria, all samples in the associated 

batch must be re-extracted and reanalyzed. 
 

9.8 Matrix Spikes 
 

9.8.1 A matrix spike and matrix spike duplicate (MS/MSD) must be performed 
for each sample delivery group of up to 20 field samples. For SC DHEC, 
the matrix spike/matrix spike duplicate are performed at a frequency of 
10% for water samples and 5% for soils. 

 
9.8.2 The percent recovery and relative percent difference (RPD) criteria for the 

MS/MSD are shown in the following table. 
 

Analyte Aqueous 
% Recovery 

Aqueous 
RPD 

Solid 
% Recovery 

Solid 
RPD 

Aroclor 1660 50-150 20 50-150 20 
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9.8.2.1 To meet the requirements of the DoD-QSM, the duplicate 
matrix spike should meet the control limit requirements for 
the LCS.  The %RPD should be ≤ 30%. 

 
9.8.2.1.1 If the DoD-QSM acceptance criteria are not met for 

the duplicate matrix spikes, contact the client for 
guidance. 

 
9.8.2.1.1 Qualify the original sample associated with the failing 

duplicate matrix spikes in the narrative.  Reference 
DoD-QSM data qualifying flag (J). 

 
9.8.3 The recoverability of spiked analytes in environmental samples is highly 

influenced by the particular matrix.  When recoveries do not meet the 
acceptance criteria or interferences preclude proper assessment of the data, 
results of an LCS are evaluated to verify that the analytical systems 
(sample preparation and analysis) are in control. 

 
If the original unspiked sample does not meet surrogate acceptance criteria 
and the MS/MSD do meet criteria, the sample should be reanalyzed or re-
extracted then reanalyzed.  If the original sample and the MS/MSD yield 
the same unacceptable surrogate recoveries, then further action is not 
required since matrix interference would be confirmed. 

 
9.9 Duplicates 

 
9.9.1 Sample duplicates are required at a frequency of 10% for water samples 

and 5% for soil samples when processing samples submitted to meet the 
regulatory requirements of South Carolina DHEC.  This requirement can 
be met with the MS/MSD. 

 
9.10 Contingency 

 
9.10.1 If due to a lab accident or to QC failures, a re-preparation and analysis are 

required for the sample and insufficient sample volume remains, the 
Project Manager must be alerted and will contact the client for direction 
on how to proceed. 

 
9.10.2 If persistent contamination occurs in the laboratory, analysis must be 

halted until the source of the contamination can be identified and isolated.  
When the contamination issue is resolved, samples analysis may proceed. 
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9.10.3 Refer to the corresponding Data Review SOP (number will vary among 

sections) for information on how to handle reporting of data that are 
unacceptable or out-of-control. 

 
9.10.4 Any other issues that potentially affect data quality should also be 

addressed with the Project Manager. 
 
10.0 Calibration & Standardization 
 

10.1 Initial Calibration 
 

10.1.1 For the initial calibration five concentration levels are prepared for 
Aroclors 1016/1260.  Single standards for the remaining Aroclors are 
prepared at the mid-concentration.  The M3 level for Aroclors 1221, 1232, 
1242, 1248, and 1254 are used for pattern recognition and to generate 
calibration factors for them. 

 
On a project-specific basis, three or five concentration levels may be 
required for the remaining Aroclors.  The following table presents the 
concentrations in μg/mL of Aroclor standards if five levels are required.  
Each multi-component standard contains the two surrogates at the 
indicated levels. 

 

Analyte Standard IDs L M1 M2 M3 H 

AR1660 4566-4570 0.1875 0.375 0.75 1.5 3.0 
AR1221 4571-4575 0.25 0.50 1.0 2.0 4.0 
AR1232 4576-4585 0.1875 0.375 0.75 1.5 3.0 
AR1242 4581-4585 0.125 0.25 0.50 1.0 2.0 
AR1248 4605-4609 0.125 0.25 0.50 1.0 2.0 
AR1254 4610-4614 0.125 0.25 0.50 1.0 2.0 
TCMX  0.005 0.01 0.02 0.08 0.16 
DCBP  0.01 0.02 0.04 0.16 0.32 

 
 
 

10.1.1.1 For samples analyzed in compliance with the DoD-QSM, the 
average calibration factor from a five-point initial calibration 
curve must be used to quantitate Aroclors 1221, 1232, 1242, 
1248, and 1254. 
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10.1.1.2 If an Aroclor other than 1016 or 1260 is identified during the 
analysis of sample for DoD-QSM compliance, a five-point 
initial calibration curve must be analyzed.  The affected 
samples must be reanalyzed for the Aroclor(s) indicated by 
the single-point analysis. 

 
10.1.2 A minimum of five sets of calibration factors is generated for the Aroclor 

1016/1260 standards.  Each set consists of the calibration factor for each 
of the five peaks chosen.  The single standard of the remaining Aroclors 
will each produce a minimum of three calibration factors, one for each 
selected peak. 

 
10.1.3 The initial calibration standard sequence is as follows: 

 
Injection 
Number 

Calibration 
Standard 

1 AR1660-1 
2 AR1660-2 
3 AR1660-3 
4 AR1660-4 
5 AR1660-5 
6 AR1221-M3 
7 AR1232-M3 
8 AR1242-M3 
9 AR1248-M3 
10 AR1254-M3 

 
 

10.2 Initial Calibration Verification (ICV) 
 

10.2.1 The initial calibration is verified using a standard prepared from a separate 
source than that used for the calibration curve.  An acceptable recovery 
must be achieved before proceeding with analysis.  (See Section 9.3.) 

 
10.3 Continuing Calibration 
 

10.3.1 The continuing calibration verification standards are used to evaluate 
retention time stability. 

 
10.3.2 For continuing calibration verification, the mid level Aroclor 1660 from 

the initial calibration is injected.  Sequencing should be as follows. 
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12 Hour Sequence 
Injection No.1 

Whole Sequence 
Bottle No.3 Description 

1 6 AR1660-M3D2 
2-11 7-16 10 Samples  
12-17 17 AR1660-M3 
18-22 18-27 10 Samples 

23 28 AR1660-M3 
 

1 The number in the first column represents the injection sequence at the 
start of a twelve-hour time period.  The number in the second column 
represents the actual bottle number in the injection sequence that 
would have begun at the start of the initial calibration.  This example 
is based upon 15 sample injections between calibration standards. 

 
2 The "D" indicates this standard to be the "daily" or first calibration 

verification standard run during a 24 hour period.  The AR1660-3D is 
the mid-level, Aroclor standard and the absolute retention time for 
each chosen characteristic Aroclor component peak establishes the 
midpoint of the retention time window. 

 
3 The requirements of Method 8082 include a calibration standard after 

each 20 samples although one is recommended after every 10 samples.  
The method also indicates that the calibration verification standards be 
run each 12 hour shift.  The method does not specify the requirement 
or the frequency for instrument blanks.  These are important tools for 
assessing instrument performance.  Assuming approximately 30 
minutes per analytical run, the 12-hour shift begins with the injection 
of the AR1660-3D standard (Injection No. 1, bottle 6).  The 12-hour 
sequence period would end after Injection No. 23, bottle 28 in the total 
sequence.  At the end of the next 12-hour sequence, the closing 
AR1660-3 standard would also represent the start of the next 24-hour 
period so that standard would be used to establish the midpoint of the 
retention time windows for that period.  If other Aroclors are detected 
during the analytical sequence they may be injected to replace an 
AR1660 calibration verification standard. 

 
11.0 Procedure 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures. 

 
11.1 Dual Column Analysis and Confirmation 



Section No. 2.2.5.3 
Revision No. 6 
Date:  March 13, 2006 
Page: 16 of 27 
 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 
11.1.1 The dual column/dual detector approach involves the use of two 30 m x 

0.53 mm ID fused silica open-tubular columns of different polarities 
(CLPesticides and CLPesticides2).  Each has different selectivities 
towards the target compounds.  The columns are connected to a "Y-
splitter" and dual ECD detectors. 

 
11.2 GC operating conditions are as follows: 

 
11.2.1 Column 1 

 
• Type:  CLPesticides 

 
• Dimensions:  30 m x 0.53 mm ID 

 
• Film Thickness:  0.50 μm 

 
11.2.2 Column 2 

 
• Type:  CLPesticides2 

 
• Dimensions:  30 m x 0.53 mm ID 

 
• Film Thickness:  0.42 μm 

 
11.2.3 Carrier gas 

 
• Helium 

 
• Flow rate:  6 mL/minute 

 
 
 
11.2.4 Makeup gas 

 
• Argon/methane 

 
• Flow rate 20 mL/minute 

 
11.2.5 Temperature program 

 
• Hold at 150° C for 1.0 minute 
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• Ramp to 275° C at 5 degrees/minute 

 
• Hold for 2.0 minutes 

 
11.2.6 Injector temperature:  250° C 

 
11.2.7 Detector temperature:  300° C 

 
11.2.8 Injection volume:  2 or 4 μL (1 or 2 μL per column) 

 
11.2.9 Solvent 

 
• Hexane 

 
11.2.10 Detector:  Dual ECD’s 

 
11.2.11 Range:  10 

 
11.3 Analytical Sequence 

 
11.3.1 The analytical sequence is discussed in Section 10 above.  All information 

is recorded on the run log for the instrument (Attachment 3) 
 
11.4 Gas chromatographic analysis: 

 
11.4.1 The GC is set up according to the operating conditions detailed above.  A 

final temperature of 240 - 275o C is necessary to elute decachlorobiphenyl. 
 

11.4.2 The initial calibration is performed according to the discussion in Section 
10.0.  The initial calibration is verified once using a second source 
standard (ICV). 

 
11.4.3 A continuing calibration standard is run during each 12 hour shift using a 

mid-level calibration standard.  Calibration standards are also injected 
after every 10 samples (although it is required after every 20 samples) and 
at the end of the analytical sequence.  Since an analytical sequence may 
continue as long as instrumental QC criteria are met, the end of one 12-
hour sequence is considered to be the beginning of the next 12-hour 
sequence.  The calibration factor must meet acceptance criteria when 
compared to the initial calibration curve.  When this criteria is exceeded, 
corrective action is required as described in Section 7.0 and may include 
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re-injection of the calibration verification standard or analysis of a new 
initial calibration before more samples are analyzed. 

 
11.4.4 Each sample analysis must be bracketed with an acceptable initial 

calibration, continuing calibration verification standards (each 12 hr shift), 
or calibration standards interspersed with the samples.  If a "closing" 
standard, which is injected after a group of samples fails to meet criteria 
due to being more than 15% above the mean calibration factor from the 
initial calibration and the Aroclor was not detected in that group of 
samples, then the samples do not require reinjection.  However, if the 
standard is more than 15% below the mean calibration factor from the 
initial calibration, then re-injection is required. 

 
11.5 Retention Time Windows 

 
11.5.1 Retention time windows are established for each chosen characteristic 

Aroclor component (peak).  The width of the retention time windows is 
based on actual retention times of selected peaks in the standards that are 
assessed over a 72-hour period.  A standard deviation is calculated for 
each component. 

 
11.5.2 For each Aroclor component chosen (3-5 peaks), the absolute retention 

time from each "daily" standard is used as the midpoint of the window.  A 
± three times standard deviation value is applied to the absolute retention 
time.  Windows are defined as ± three times the standard deviation of the 
absolute retention times of each chosen Aroclor component.  Analyst 
experience is critical in the interpretations of the chromatograms. 

 
11.6 Identification and Quantitation 

 
11.6.1 Compound identification is based on a second column confirmation, with 

the second column being of a dissimilar nature.  Target analyte peaks must 
fall within the retention time windows on both columns. 

 
11.6.2 Tentative identification of an analyte occurs when three or more of the 

chosen Aroclor component peaks from a sample extract fall within the 
retention time windows and the pattern matches that of the Aroclor 
standard. 

 
11.6.3 Quantitation is based on the area under the characteristic peaks as 

compared to the area under the corresponding peaks in the calibration 
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standard at the same retention times.  The external calibration method is 
used for quantitation. 

 
11.6.4 When samples contain more than one multi-component analyte, a more 

experienced analyst may be required to process or assess the data.  Similar 
conditions exist when multicomponent analytes have been subjected to 
environmental degradation, resulting in weathered Aroclors that may have 
significant differences in peak patterns than the standards. 

 
11.6.5 Use the external calibration procedure to establish mean response factors 

for each chosen Aroclor component by dividing peak area in the standard 
by the mass injected.  Peak areas from peaks within the chosen Aroclor 
component's retention time window are used to calculate the quantity of 
each target Aroclor while retention times are used to identify each 
component. 

 
11.6.6 The analyte concentration reported is the higher of the two 

concentrations detected on the dual column analyses, unless 
overlapping peaks are interfering with the accurate quantitation of 
the analytes.  If interferences are present, the analyte concentration is 
reported from the column without the interferences.  If there is > 40% 
difference between the two columns, the data is flagged with a “P” 
and discussed in the narrative. 

 
11.6.6.1 To meet the requirements of the DoD-QSM, the narrative 

must reference the “Q” flag for results with a > 40% 
difference between the columns. 

 
11.6.7 The Aroclors are quantitated using responses of five major peaks 

(minimum of three) of the sample pattern compared to the calibration 
factors of the same peaks in standard.  Those concentrations are averaged 
to arrive at the reported concentration. 

 
 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 

12.1 Calculation of the mean or average of a set of values: 
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where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  

 
12.2 Calculation of the standard deviation of a set of values: 
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12.3 Calculation of percent recovery: 

 
12.3.1 LCS and surrogates: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  

12.3.2 Matrix spikes: 
 

100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%

 
12.4 Calculation of % RSD 

 

%RSD
X

= ⎛
⎝⎜

⎞
⎠⎟
×

Standard deviation   100  

 
12.5 Calculation of RPD 

 

( )RPD  =  
Value  -  Value 

Value  +  Value 
x

1 2
1 2 2

100  

 
12.6 Calculation of %Difference (%D) 

 

100 x 
value Reference

value ReferenceValue%Diff −
=  
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12.7 Calibration factors are calculated by dividing the total peak area for each chosen 
Aroclor component in the standard by the total mass injected (in nanograms). 

 

injectedmassTotal
areaPeakCFFactornCalibratio =)(  

  
 12.8 Linear Calibration using Least Squares Regression 
 
  baxy +=  
   
  where:  y = Instrument response (peak area) 
    a = Slope of the line (coefficient of x) 
    x = Concentration of the calibration standard 
    b = The intercept 
 

12.9 Concentration 
 

12.9.1 Concentration of aqueous samples 
 

))()((
))()((/

VoViCF
DfVtAxLg =μ  

 
where: Ax = area response for the analyte 

Vt = volume of the concentrated extract (μl) 
Df = dilution factor.  If no dilution, Df = 1.0 
CF  = mean calibration factor from the initial calibration 
Vo = volume of water sample extracted (ml) 
Vi = volume of extract injected (μl) 

 
12.9.2 Concentration of soil samples (dry weight basis) 

 

))()()((
))()((/
DWsViCF

DfVtAxkgg =μ  

 
where:  Ws = weight of sample extracted, in grams 

D (dry weight)= 100 - % moisture 
100 

 
Ax, Vt, Df, CF , Vi have the same definitions as for water. 
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12.9.3 Concentration of soil samples (dry weight basis) by GC using linear 
regression analysis:  

 

 
( )

a

by
x

−
=  

 
   where: y = Instrument response (peak area) 
    a = Slope of the line (coefficient of x) 
    x = Concentration of the calibration standard 
    b = The intercept 

 
12.10 Calculating Dilutions 

 

12.10.1 If the response of the majority of the chosen Aroclor components exceeds 
the on-column amount of the high level Aroclor 1660 standard, it must be 
diluted and re-analyzed.  Comparing the on-column nanogram amount of 
the chosen Aroclor components with the nanogram amounts of the same 
chosen Aroclor components from the high level standard used in the 
initial calibration will allow you to determine an appropriate dilution. 

 

12.10.2 If a sample concentration exceeds the high level standard a dilution must 
be performed.  Determine a level of dilution that will result in a value 
within the upper half of the calibration range.  This is an acceptable 
dilution.  A 10x dilution is performed using 1 mL sample plus 9 mL 
diluent for a total volume of 10 mL.  It should be recorded on the run log 
as “10x (1 mL in 10 mL).” 

 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits and precision and accuracy for single analyst.  The data are retained by the QA 
department. 

 
 
 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
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pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 
 

16.0 References 
 

16.1 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, SW-
846, 3rd Edition, Update III, 12/96, Method 8082 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th (1998), 

Method 1080 
 

16.3 QCSOP: Proper Documentation Procedures 
 

16.4 QCSOP: Numerical Data Reduction 
 

16.5 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 
American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.6 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.7 NELAC Standards, approved July 2003, plus revisions 
 

16.8 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 
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16.9 New York State Environmental Laboratory Approval Program, Certification 
Manual, April 2005, plus revisions. 

 
16.10 CompuChem Quality Manual, Revision 7, Update 1, 12/13/05, plus revisions 

 
16.11 Sample Control SOP 4.1, “Receiving Samples” 

 
16.12 Sample Control SOP 4.6, “Storing Samples” 
 
16.13 Sample Preparation Procedure –1049, “PCBs in Water Preparation Procedure” 
 
16.14 Sample Preparation Procedure –735 (-233→945), “Low Level Preparation for 

Analysis of PCBs only in Soil/Sediment/Sludge” 
 
16.15 Sample Preparation Procedure –236, “Soxhlet Extraction of S/S/S Samples by 

Method 3540C in SW846 & NYSASP” 
 
16.16 Sample Preparation Procedure –247, “Automated Soxhlet Extraction of 

Soil/Sediment/Sludge and Wipe Samples by SW-846 + NYSASP.” 
 
16.17 Department of Defense Quality Systems Manual for Environmental 

Laboratories, Final Version 3, January 2006 
 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 – Method Reporting Limits  
 

17.2 Attachment 2 – Instrument Maintenance Log 
 

17.3 Attachment 3 – Instrument Run Log 
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Attachment 1 
 

Method 8082 Reporting Limits 
 
 

 
 
 
 
 

Aroclor µg/L µg/Kg Ohio VAP 
µg/L 

Ohio VAP 
µg/Kg 

1016 0.93 31 1.0 33.3 

1260 0.93 31 1.0 33.3 

1242 0.625 21 1.0 33.3 

1232 0.93 31 1.0 33.3 

1221 1.25 42 2.0 33.3 

1248 0.625 21 1.0 33.3 

1254 0.625 21 1.0 33.3 
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Attachment 2 
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Attachment 3 
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Sample Preparation Procedure -1022: Extraction of TCLP Leachate for Semivolatiles by 
SW-846 and NYSASP 

 
 
1.0 Scope and Application 
 

This procedure is designed to prepare water sample for GC/MS semivolatile analysis 
from the leachate generated using Sample Preparation Procedure –814, “Toxicity 
Characteristic Leaching Procedure (TCLP)”.  Acid and base/neutral fractions are 
extracted by separatory funnel, combined, dried, concentrated, and analyzed by GC/MS. 

 
2.0 Summary 
 

A measured volume of TCLP leachate, approximately 200 mL, is diluted to 1000 mL 
with extracted water (5x dilution) before solvent extraction using the separatory funnel 
technique.  The two methylene chloride extracts (acid and base/neutral) fractions are 
combined, dried, concentrated, and bottled at a 1.0 mL final volume.  Alternatively, 
acid/neutral and base fractions may be generated separately. 
 
Method 3510C provides for either a base/neutral extraction at a pH > 11, followed by an acid 
extraction at a pH < 2 or, an initial acid/neutral extraction at a pH < 2, followed by a base 
extraction at a pH > 11.  Currently, we perform an acid/neutral extraction followed by a base 
extraction (unless otherwise required by the client or project). 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration.   

 
If the reporting limit is not at least three times higher than the calculated MDL 
value, the reporting limit is adjusted upward in order to achieve this minimal 
ratio.   

 
3.3 Reporting Units – μg/L 

 
3.4 An SDG is defined by the following, whichever is more frequent: 
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• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The DoD-QSM and South Carolina Department of Health and 

Environmental control (SC DHEC) do not accept the SDG approach, 
unless the samples are prepared in a single batch.  When a group of up to 
20 field samples of a similar matrix are prepared as one batch, method-
specified QC samples such as a method blank, laboratory control 
sample, matrix spike, matrix spike duplicate, and matrix duplicate must 
also be prepared together at a rate of 5% for DoD-QSM and 10% for SC 
DHEC.  If samples are batched together from different sites, project-
specific QC must be processed. 

 
3.5 DoD-QSM – Department of Defense Quality Systems Manual 

 
4.0 Interferences 
 

4.1 Method interferences may be caused by contaminants in solvents, reagents, 
glassware, and other sample processing hardware that lead to discrete artifacts 
and/or elevated baselines in reconstructed ion chromatograms.  All of these 
materials must be routinely demonstrated to be free from interferences under the 
conditions of the analysis by running laboratory reagent blanks.  Interferences by 
phthalate esters are common in semivolatile analysis.  Common flexible plastics 
contain varying amounts of phthalates.  These phthalates are easily extracted or 
leached from such materials during laboratory operations.  Cross-contamination 
of clean glassware routinely occurs when plastics are handled.  Interference from 
phthalates can best be minimized by avoiding the use of plastics in the laboratory.  
Exhaustive cleanup of reagents and glassware may be required to eliminate 
background phthalate contamination. 

 
4.2 Matrix interferences may be caused by contaminants that are co-extracted from 

the sample.  The extent of matrix interferences will vary considerably from source 
to source, depending on the nature and diversity of the site being sampled. 
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5.0 Safety 
 

5.1 Appropriate protective equipment and clothing must be used under the 
assumption that all samples are potentially hazardous.  During sample 
preparation, safety glasses, gloves and lab coats are a minimum requirement.  The 
persistent presence of noxious odors may be indicative of failure of the laboratory 
ventilation system and must be reported to a supervisor or manager. 

 
5.2 Laboratory staff are encouraged to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets for reagents used in the 
laboratory. 

 
6.0 Equipment and Supplies 
 

6.1 Glassware 
 

6.1.1 2000 mL separatory funnel with Teflon stopcock 
 

6.1.2 Drying column 
 

6.1.2.1 Chromatographic column, approximately 400 mm x 19 mm ID 
 

6.1.2.2 Plug the drying column with a small plug of furnaced glass wool. 
 

6.1.2.3 A glass funnel with a small plug of glass wool may be substituted 
for the drying column. 

 
6.1.2.4 Furnaced anhydrous sodium sulfate will be used in the drying 

column or glass funnel to dry the solvent extract. 
 

6.1.3 10 mL concentrator tube, graduated (Kontes K-570050-1025 or 
equivalent). 

 
6.1.4 500 mL Kuderna-Danish (K-D) evaporative flask (Kontes K-570001-0500 

or equivalent).  Attach to concentrator tube with springs, rubber bands, or 
blue Keck clip. 

 
6.1.5 Snyder column, three-ball macro (Kontes K-503000-0121 or equivalent) 

 
6.1.6 Graduated cylinders, 1000 mL 

 
6.1.7 250 mL Erlenmeyer flask, glass. 

6.2 Pyrex glass wool 
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6.2.1 Anneal in a 400° C oven for 2 - 4 hours before use. 

 
6.3 Silicon carbide boiling chips, approximately 10/40 mesh. 

 
6.3.1 Heat to 400° C for 30 minutes or Soxhlet extract with methylene chloride 

for 4 hours. 
 

6.4 Water bath, heated with concentric ring cover, capable of temperature control (to 
± 2° C). 

 
6.4.2 The bath should be used in a hood. 

 
6.5 Nitrogen evaporation device equipped with a water bath that can be maintained at 

35 - 40° C.  The N-Evap by Organomation Associated, Inc., South Berlin, MA (or 
equivalent) is suitable. 

 
6.6 Wide range pH paper, 0 - 14 pH range 

 
6.7 1.0 mL serological pipets 

 
6.8 Pasteur pipets, glass, disposable 

 
6.9 GC autosampler amber vials, 1.8 mL, glass with Teflon®-lined septa, and 

threaded screw cap 
 
7.0 Reagents and Standards 
 

All standards are prepared by the Organic Standards chemist.  Details for the preparation 
are contained in the standard operating procedures (SOP) for that area (Section 7.0 of the 
SOP collection.)  They are stored separate from samples at 4 ± 2°C in the reach in unit in 
the laboratory when not in use. 

 
7.1 Reagent water – All water used in this procedure must be equivalent to ASTM 

Type II water (as it relates to specific conductance and specific resistance) which 
is demonstrated to meet the blank contamination acceptance criteria contained in 
this Standard Operating Procedure (SOP).  It is referred to throughout the 
remainder of this SOP as DI water. 

 
7.2 Methylene chloride – pesticide grade or equivalent 

 
7.3 Sodium sulfate, (ACS) granular, anhydrous, furnaced. 
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7.3.1 Anneal in 500° C oven for 2-4 hours in a shallow tray. 

 
7.4 Sodium hydroxide solution – 10 N 

 
7.5 Sulfuric acid - concentrated 

 
7.6 Semivolatile surrogate spiking solution 

 
7.6.1 The surrogate solution #393 contains the following compounds at the 

listed concentrations: 
 

Acids Concentration (μg/mL) 
Phenol-d6 200 
2,4,6-Tribromophenol 200 
2-Fluorophenol 200 

 
 

Base Neutrals Concentration (μg/mL) 
Nitrobenzene-d5 100 
Terphenyl-d14 100 
2-Fluorobiphenol 100 

 
7.7 Semivolatile spiking solution 

 
7.7.1 The TCLP BNA spiking solution contains the following compounds at the 

listed concentrations: 
 

 
Acids Concentration (μg/mL) 

o-Cresol 50 
m-Cresol 50 
p-Cresol 50 
Pentachlorophenol 50 
2,4,5-Trichlorophenol 50 
2,4,6-Trichlorophenol 50 

 
 

Base Neutrals Concentration (μg/mL) 
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Base Neutrals Concentration (μg/mL) 

1,4-Dichlorobenzene 50 
2,4-Dinitrotoluene 50 
Hexachlorobenzene 50 
Hexachloroethane 50 
Hexachlorobutadiene 50 
Nitrobenzene 50 
Pyridine 50 

 
 
8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control SOP 
4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are 
also listed. 

 
8.2 All TCLP leachates must be extracted within 7 days of leachate generation. 

 
8.3 Samples are obtained from the Custodian out of cold storage.  They should be 

allowed to come to room temperature prior to sample preparation.  After 
preparation, they are returned to the Custodian and placed in the cooler at 2-4.4o 
C for long-term storage and disposal. 

 
9.0 Quality Control 
 

9.1 Method Blank 
 

9.1.1 A method blank must be prepared, extracted, and analyzed with every 
extraction batch of up to 20 samples.  For SC DHEC a blank is analyzed 
every 10 samples. 

 
9.2 Laboratory Control Sample 

 
9.2.1 A laboratory control sample (LCS; blanks spike, BS; matrix spike blank 

for NYSASP) must be prepared with each extraction batch of up to 20 
samples.  For SC DHEC the LCS is analyzed every 10 samples. 

 
9.3 Matrix Spike/Matrix Spike Duplicate 

 
9.3.1 A matrix spike and matrix spike duplicate (MS/MSD), are prepared for 

each SDG. 
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9.4 Duplicates 
 

9.4.1 Duplicates, at a frequency of 5%, are required when processing samples 
submitted to meet the regulatory requirements of SC DHEC.  The 
duplicate frequency requirement is satisfied with the MS/MSD. 

 
9.5 Contingency 
 

9.5.1 If due to a lab accident or to QC failure a re-preparation is required for the 
sample and insufficient volume remains, the Project Manager must be 
alerted and will contact the client for direction on how to proceed. 

 
9.5.2 If persistent contamination occurs in the laboratory, analyses must be 

halted until the source can be identified and isolated.  When the 
contamination issue is resolved, sample analyses may proceed. 

 
9.5.3 Any other issues that potentially affect data quality should be addressed 

with the Project Manager. 
 
10.0 Calibration and Standardization 
 

N/A 
 
11.0 Procedure 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures. 

 
The sample preparation technician must complete the extraction worksheet (Attachment 
2) including the manufacturer and lot number of the reagents/solvents used.  Any unused 
portions must be z’ed out.  The laboratory supervisor reviews the completed worksheet 
for accuracy and completeness and then signs it.  The worksheet accompanies the sample 
to the analytical laboratory.   

 
11.1 Glassware Preparation 

 
11.1.1 Prep (rinse) all glassware with methylene chloride before use, including 

the drying column containing sodium sulfate.  Do not use any glassware 
that appears to be dirty or cracked. 

 
 

11.2 Extraction 
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11.2.1 Thoroughly mix sample before aliquotting.  Using a graduated cylinder, 
measure 200 mL of the TCLP leachate and dilute to 1000 mL with DI water.  
Transfer to a 2-liter separatory funnel.  Pipet 1.0 mL of #393 surrogate 
standard solution into the separatory funnel and mix well. 

 
11.2.1.1 Alternately, 100 mL of sample may be diluted to 500 mL with 

DI water with 0.5 mL surrogate and/or spike standard added.  
The final volume is also reduced by half. 

 
11.2.2 For the MS/MSD, follow the step above, using one original sample.  If one 

has not been designated by the client and identified on the worksheet, then 
select a representative sample from the batch.  Add 1.0 mL of TCLP BNA 
spiking solution to each matrix spike.  Add 1.0 mL of TCLP BNA spiking 
solution.  Add 1.0 mL #393 to both matrix spikes. 

 
11.2.3 Prepare a LCS (BS) by measuring 500 mL of extraction fluid and 

transferring to a 2 liter separatory funnel and diluting to a liter with DI 
water.  Add 1.0 mL TCLP BNA solution and 1.0 mL #393 standard. 

 
11.2.3.1 Alternatively, 250 mL of the extraction fluid may be diluted to 500 

mL and surrogate, spike and final volume reduced by half. 
 

11.2.4 To prepare the leachate blank, use 500 mL of the TCLP leachate blank and 
dilute to 1000 mL with DI water.  Add 1.0 mL of surrogate solution #393. 

 
11.2.4.1 Alternatively, 250 mL of the leachate blank may be diluted to 500 

mL and surrogate and final volume reduced by half. 
 

11.2.5 To prepare a method blank, use 1000 mL of DI water and add 1.0 mL of 
surrogate solution #393. 

 
11.2.6 Check the pH of the sample with wide range pH paper, and add ~1 mL of 

concentrated sulfuric acid.  Stopper the separatory funnel and shake for 20-30 
seconds, venting the stopcock several times.  Check the pH.  If the pH value 
is 2 or less, note the pH on the extraction worksheet.  If the pH is not 2 or 
less, continue to add 1 mL of acid, stopper, and shake until the pH reaches a 
value of 2 or less.  The sample is now ready for the acid/neutral extraction. 

 
11.2.7 Add 60 mL of methylene chloride to the separatory funnel and extract the 

sample by shaking the funnel for two minutes, with periodic venting into the 
hood to release excess pressure.  Allow the organic layer to separate from the 
water phase for at least 10 minutes.  If the emulsion interface between the 
layers is more than one-third the volume of the organic solvent, use 
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mechanical techniques to complete the phase separation.  The optimum 
technique depends on the sample and may include stirring, filtration of the 
emulsion through glass wool, centrifugation, or other physical means.  Drain 
the methylene chloride into a 250 mL Erlenmeyer flask. 

 
11.2.8 Add a second 60 mL of methylene chloride to the separatory funnel and 

repeat the extraction, combining the acid/neutral extracts in the Erlenmeyer 
flask.  Perform a third extraction in the same manner. 

 
11.2.9 After completing the third acid/neutral extraction, pour the combined extracts 

through the drying column into the K-D apparatus.  Rinse the Erlenmeyer 
flask with a small amount of methylene chloride and add the rinse to the 
drying column.  Rinse the drying column with approximately 10 mL of 
methylene chloride and collect the rinseate in the K-D apparatus. 

 
11.2.10 Slowly add a few mLs of 10 N sodium hydroxide to each separatory 

funnel.  Stopper and shake for 20-30 seconds, opening the stopcock to vent 
the sample into the hood several times.  Check the pH.  If the pH is 11 or 
greater, note the pH on the extraction worksheet.  If the pH is less than 11, 
continue to add base.  Shake the sample and measure the pH until the pH is 
11 or greater. 

 
Note: The pH adjustment may be reversed, i.e., base first. 

 
11.2.11 Add 60 mL of methylene chloride to the separatory funnel and extract the 

sample by shaking the funnel for 2 minutes, with periodic venting into the 
hood to release excess pressure.  Allow the organic layer to separate from 
the water phase for at least 10 minutes.  If the emulsion interface between 
the layers is more than one-third the volume of the organic solvent, use 
mechanical techniques to complete the phase separation.  The best 
technique depends on the sample, and may include stirring, filtration of the 
emulsion through glass wool, centrifugation, or other physical means.  
Drain the methylene chloride into a 250 mL Erlenmeyer flask. 

 
11.2.12 Add a second 60 mL volume of methylene chloride to the separatory 

funnel and repeat the extraction, combining the base extracts in the 
Erlenmeyer flask.  Perform a third extraction in the same manner. 

 
11.2.13 After completing the third acid extraction, pour the combined extracts 

through the drying column in the K-D apparatus.  Rinse the Erlenmeyer 
flask with a small amount of methylene chloride and add the rinse to the 
drying column.  Rinse the drying column with about 10 mL of methylene 
chloride and collect the rinseate in the K-D apparatus.  An alternative to the 
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drying column would be a powder funnel containing glasswool and 
muffled Na2SO4. 

 
11.2.14 Assemble a 500 mL K-D evaporative flask, 10 mL concentrator tube, and 

a three-ball macro Snyder column.  Prep all glassware with methylene 
chloride. 

 
11.2.15 Add one or two clean boiling chips to the evaporative flask and attach a 

three-ball macro Snyder column.  Pre-wet the Snyder column by adding 1 
mL of methylene chloride to the top of the column.  Place the K-D 
apparatus on a hot water bath (80-90° C) so that the concentrator tube is 
partially immersed in the hot water and the entire lower rounded surface of 
the flask is bathed with hot vapor. Adjust the vertical position of the 
apparatus and the water temperature as required to complete the extract 
in 15-30 minutes.  At the proper rate of distillation, the balls of the Snyder 
column will actively chatter, but the chambers will not flood with 
condensed solvent.  When the apparent volume of liquid reached 4 mL, 
remove the K-D apparatus from the bath.  Allow it to drain and cool. 

 
11.3 Nitrogen concentration technique 

 
11.3.1 Place the concentrator tube in the N-EVAP and evaporate the solvent volume 

to 1.0 mL using a gentle stream of clean, dry nitrogen.  Rinse the internal 
wall of the concentrator tube with methylene chloride as the extract 
concentrates.  Alternatively, microsnyder concentration may be used. 

 
11.3.2 Quantitatively transfer the contents of the concentrator tube to a GC 

autosampler amber vial.  The label must contain the CompuChem number, 
the procedure code (-1022), and the date extracted.  Complete all paperwork 
correctly, verify that final volumes are correct, and obtain supervisor review 
of paperwork and extracts.  Deliver the sample concentrates and paperwork 
to the designated area in the GC/MS laboratory. 

 
11.3.3 The extract is now ready for analysis using Instrument Procedure 477/478, 

“GC/MS Analysis of Extractable Semivolatiles in Aqueous and Solid 
Samples by SW-846 and NYSASP”. 

 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 
13.0 Method Performance 
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This method was validated through in-house laboratory studies of method detection 
limits and precision and accuracy for single analyst.  The data are retained by the QA 
department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing. 
 

15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 “Test Methods for the Evaluation of Solid Waste: “Physical/Chemical Methods,” 
SW-846, Third Edition, 12/96, Method 3510C 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 
 

16.3 New York State Analytical Services Protocol (NYSASP), 6/2000, plus revisions 
 

16.4 QCSOP: Proper Documentation Procedures 
 

16.5 QCSOP: Numerical Data Reduction 
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16.6 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 
American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.7 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.8 NELAC Standards, approved June 2003, plus revisions 
 

16.9 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
16.10 New York State Environmental Laboratory Approval Program, Certification 

Manual, December 2005, plus revisions. 
 

16.11 CompuChem Quality Manual, Revision 7, Update 1, 12/13/05, plus revisions 
 

16.12 Sample Control SOP 4.1, “Receiving Samples” 
 

16.13 Sample Control SOP 4.6, “Storing Samples” 
 

16.14 Sample Preparation Procedure –814, “Toxicity Characteristic Leaching Procedure 
(TCLP)”. 

 
16.15 Instrument Procedure 477/478, “GC/MS Analysis of Extractable Semivolatiles in 

Aqueous and Solid Samples by SW-846 and NYSASP” 
 
16.16 Department of Defense Quality Systems Manual for Environmental 

Laboratories, Final Version 3, January 2006 
 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 – TCLP Waste Characterization Leachate Worksheet   
  
17.2 Attachment 2 – Extraction Worksheet  

Attachment 1 
 

 
 



Section No. 2.5.2.2 
Revision No. 11 
Date:  March 24, 2006 
Page 14 of 15 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 
 
 



Section No. 2.5.2.2 
Revision No. 11 
Date:  March 24, 2006 
Page 15 of 15 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 
Attachment 2 

 
 

 
 
 
 





































Section No. 2.5.2.4 
Revision No. 7 
Date: February 4, 2003 
Page: 1 of 15 
 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Sample Preparation Procedure -183: Medium Level Preparation Procedure for Semivolatile 
Organics in Soil Samples by SW-846 and NYSASP 

 
 
 
 

Table of Contents 
 
 

SECTION PAGE 
NO. 

Section 1.0 – Scope and Application 2 
Section 2.0 – Summary of Method 2 
Section 3.0 – Definitions 2-3 
Section 4.0 – Interferences 3 
Section 5.0 – Safety 3-4 
Section 6.0 – Equipment and Supplies 4-5 
Section 7.0 – Reagents & Standards 5 
Section 8.0 - Sample Collection, Preservation, & Storage 5-6 
Section 9.0 – Quality Control 6 
Section 10.0 – Calibration & Standardization 6 
Section 11.0 – Procedure 6-8 
Section 12.0 – Data Analysis & Calculations 9 
Section 13.0 – Method Performance 9 
Section 14.0 – Pollution Prevention 9 
Section 15.0 – Waste Management 9 
Section 16.0 – References 9-10 
Section 17.0 – Attachments as Tables, Diagrams, Flowcharts & Validation Data 10 
Attachment 1 11-12 
Attachment 2 13 
Attachment 3 14 
 



Section No. 2.5.2.4 
Revision No. 7 
Date: February 4, 2003 
Page: 2 of 15 
 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Sample Preparation Procedure -183: Medium Level Preparation Procedure for Semivolatile 
Organics in Soil Samples by SW-846 and NYSASP 

 
 
1.0 Scope and Application 
 

This procedure describes the preparation of medium level soil samples for semivolatile 
(SV) GC/MS analysis. 

 
The method detection limits (MDL) and reporting limits are based on the low level soil 
MDLs and lowest calibration standard concentration, respectively.  See Attachment 1. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

A 2.0 gram sample aliquot is extracted by sonication methylene chloride then filtered, 
and concentrated. 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration. 

 
If the low level standard concentration is not at least three times higher than the 
MDL value, the standard concentration is adjusted upward in order to achieve this 
minimal ratio.  It may be adjusted higher than three times depending on the 
concentration range of the calibration curve and the ability to meet method 
linearity requirements.   
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The reporting limit for CLP is the Contract Required Quantitation Limit (CRQL) 
for organics. 

 
3.3 Reporting Units – µg/kg 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The Army Corps of Engineers does not accept the SDG approach, unless 

the samples are prepared in a single batch.  When a group of up to 20 
field samples of a similar matrix are prepared as one batch, method-
specified QC samples such as a method blank, laboratory control 
sample, matrix spike, matrix spike duplicate, and matrix duplicate must 
also be prepared together at a rate of 5%.  If samples are batched 
together from different sites, project-specific QC must be processed. 

 
4.0 Interferences 
 

4.1 Method interferences may be caused by contaminants in reagents, solvents, 
glassware, and other sample-processing hardware that lead to discrete artifacts or 
elevated baselines in the total ion current profiles (TICPs).  All of these materials 
must be routinely demonstrated to be free of interferences under the conditions of 
the analysis by preparing and analyzing laboratory reagent blanks. 

 
4.2 Matrix interferences may be caused by contaminants that were inadvertently co-

extracted from the sample.  The extent of matrix interferences will vary 
considerably from sample to sample.  Matrix spike/matrix spike duplicate 
(MS/MSD) analyses will be done to determine the possible matrix interferences. 

 
5.0 Safety  
 

5.1 The degree of toxicity or carcinogenicity of the chemicals used in this method has 
not been determined.  Each chemical should be treated as a potential health 
hazard, and exposure to these chemicals should be minimized.  Each analyst is 
responsible for ensuring staff awareness of Occupational Safety and Health 
Administration (OSHA) regulations regarding safe handling of chemicals used in 
this method.  Additional material on laboratory safety is available for the analyst. 
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5.2 The following parameters covered by this method have been tentatively classified 

as known or suspected, human or mammalian carcinogens: 
 

• benzo(a)anthracene 
 

• benzidine 
 

• 3,3′-dichlorobenzidine 
 

• benzo(a)pyrene 
 

• dibenz(a,h)anthracene 
 

• N-nitrosodimethylamine 
 
6.0 Equipment & Supplies 
 

6.1 Ultrasonic Disrupter, having a minimum power wattage of 300 watts, with 
pulsing capability.  Use a 1/8" tapered microtip attached to a 1/2" horn. 

 
6.2 Sonabox, to be used with disruptor for decreasing cartation sound. 

 
6.3 Disposable, graduated, transfer pipets- 0.5 mL, 1.0 mL. 

 
6.4 Centrifuge tubes- 250 mL. 

 
6.5 Powder Funnel, 10 cm. diameter with Whatman No. 41 filter paper, or equivalent. 

 
6.6 Concentration tube- 10 mL, graduated. 

 
6.7 Boiling chips- solvent extracted (silicon carbide or equivalent). 
 
6.8 Water bath- heated and capable of temperature control to ± 5°C 

 
6.9 Balance- platform, capable of weighing to nearest 0.01 g. 

 
6.10 Nitrogen blow-down apparatus-Organomation or equivalent. 

 
6.11 Vials- 2 mL, with screw-top, Teflon-lined septa. 

 
6.12 Spatula- stainless steel or Teflon 
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6.13 Stirring rod - glass 

 
7.0 Reagents & Standards 
 

All standards are prepared by the Organic Standards chemist.  Details for the preparation 
are contained in the standard operating procedures (SOP) for that area (Section 7.0 of the 
SOP collection.)  Standards are stored separately from samples at 2-4.4 °C in the reach in 
unit in the laboratory when not in use. 

 
7.1 Reagent water – All water used in this procedure must be equivalent to ASTM 

Type II water (as it relates to specific conductance and specific resistance) which 
is demonstrated to meet the blank contamination acceptance criteria contained in 
this Standard Operating Procedure (SOP).  It is referred to throughout the 
remainder of this SOP as DI water. 

 
7.2 Methylene chloride- Fisher, pesticide grade 

 
7.3 Sodium sulfate--Use only sodium sulfate labeled “FURNACED SODIUM 

SULFATE”. 
 

7.3.1 Furnace the sodium sulfate in a shallow tray prior to use for at least four 
hour in a 400o C oven. 

 
7.4 Surrogate and Spike Standards 

 
7.4.1 Semivolatile surrogate solution #393 
 
7.4.2 8270  validation spike 

 
8.0 Sample Collection, Preservation, & Storage 
 

8.1 Samples are collected, preserved, and stored according to the tables in Sample 
Control SOPs 4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample 
holding times are also listed. 

 
8.2 All extracts must be extracted within 14 days of collection. 

 
8.3 Prior to analysis, all extracts must be stored under refrigeration at 2-4.4o C in the 

reach-in storage unit in the laboratory.  After analysis, extracts are returned to 
Sample Control for long-term storage and disposal. 

 
9.0 Quality Control 
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9.1 Method Blank 

 
9.1.1 A method blank must be prepared with each extraction batch of up to 20 

samples. 
 

9.2 Laboratory Control Sample 
 

9.2.1 A laboratory control sample (LCS, or blank spike, BS, or matrix blank 
spike for NYSASP) must be prepared with each extraction batch of up to 
20 samples. 

 
9.3 Matrix Spike/Matrix Spike Duplicate 

 
9.3.1 A matrix spike and matrix spike duplicate (MS/MSD) are prepared for 

every sample delivery group (SDG). 
 

9.4 Duplicates, at a frequency of 5%, are required when processing samples 
submitted to meet the regulatory requirements of North Carolina.  The MS/MSD 
satisfy the duplicate requirement for the NC DENR. 

 
10.0 Calibration & Standardization 
 

10.1 Ensure the balance has been calibrated for the day prior to its use following the 
Quality Control SOP 13.16, “Top Loading Balance Calibration & Maintenance.” 

 
11.0 Procedure 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures.  The sample preparation technician must complete the extraction worksheet 
(Attachment 2).  Any unused portions must be z’ed out.  The laboratory supervisor 
reviews the completed worksheet for accuracy and completeness and then signs it.  The 
worksheet accompanies the sample to the analytical laboratory.  Include on the worksheet 
the manufacturer and lot number of the reagents/solvents used. 

 
11.1 Preparation of Equipment 

 
11.1.1 Rinse each piece of glassware with methylene chloride.  Empty the 

methylene chloride into a waste container and repeat the process two 
more times. If the glassware selected for use is wet, it must be rinsed 
with methanol before the methylene chloride rinses. 
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11.1.2 Label each piece of glassware with the sample number it is to be used 
for and the preparation procedure (-183).  Use orange labels. 

 
11.2 Sample Preparation and Extraction 

 
11.2.1 Decant and discard any water layer on the sediment sample. Mix 

thoroughly to achieve homogeneity.  Discard any foreign objects such as 
sticks, stones, and leaves.  Sample should be at room temperature. 

 
11.2.2 Place a VOA vial on the platform balance and press the tare button.  This 

will automatically subtract the weight of the vial.  Using a spatula weigh 
2.0 g of sample (to the nearest 0.1 g) into a VOA vial.  Record the weight 
on the extraction worksheet. 

 
11.2.3 Two additional aliquots of a sample must be weighed for the MS/MSD.  

If the client has not designated a sample to be used for QC, the 
laboratory selects one. 

 
11.2.4 For the blank and LCS, weigh 2.0 g of sodium sulfate. 

 
11.2.5 Add 2.0 g of sodium sulfate to each sample and QC and mix thoroughly. 

 
11.2.6 Add 1.0 ml of surrogate #393 to all samples and QC. 

 
11.2.7 Add 1.0 ml of the 8270 validation spike standard to the LCS and 

MS/MSD.  Record the standard ID numbers, the lot numbers, and 
volume added on the extraction worksheet. 

 
11.2.8 Add 8.0 ml of methylene chloride to the sample spikes and LCS, and 9.0 

ml of methylene chloride to all other samples. 
 

11.2.9 Sonify the samples for two minutes using a 1/8th-inch microtip.  The 
output control setting should be at 5, mode switch at pulse, and percent 
duty cycle at 50%. 

 
11.2.10 Filter the extracts through a glass wool plug and collect 5 ml of extract 

in a 15-ml centrifuge tube.  It is important to collect exactly 5 ml of 
extract for proper surrogate recovery. 

 
11.2.10.1 Alternatively, 5.0 ml of extract may be syringe filtered 

through a .45 µm membrane. 
 

11.3 Extract Concentration 
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  11.3.1   Concentrate the 5 ml extract to 0.5 ml volume using the nitrogen 

blowdown technique or microsnyder concentration.  Transfer the 
entire 0.5 ml into a 2-ml amber autosampler vial labeled with the sample 
number, prep code (-183), and completion date.  Note the final volume 
on the extraction worksheet. 
 

11.3.2 Complete the extraction worksheet, mark the meniscus level on the 
vials, and place the completed worksheet along with the samples on the 
shelf for supervisor review and approval. 

 
11.3.3 The extract is now ready for GC/MS analysis following Instrument 

Procedure 477, “GC/MS Analysis of Extractable Semivolatiles in 
Aqueous and Solid Samples by SW846 and NYSASP”. 

 
  11.3.4.5 Deliver the extractions worksheet and extracts to the designated location 

in the semivolatile laboratory and complete the chain-of-custody 
documentation. 

 
11.4 Work Area Cleanup 

 
11.4.1 Empty all solid material into the appropriate waste container.  Rinse all 

used glassware with methylene chloride and take the rinsed glassware to 
the glassware prep area for cleaning. 

 
11.4.2 Do not pour any methylene chloride in the sinks. 

 
11.4.3 Roll up all absorbent counter covers and place them in the trash can.  

Return any remaining raw samples to the sample cart.  Transfer samples to 
the Sample Custodian under chain-of-custody. 

 
11.4.4 Pour the waste solvent into the appropriate container. 

 
11.4.5 Lay down new absorbent counter cover on the prep table. 

12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits (Attachment 1) and precision and accuracy for single analyst (Attachment 3).  The 
data are retained by the QA department. 
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14.0 Pollution Prevention  
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 
3rd Edition, Update III, 12/96, Methods 3550B and 8270C 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 
16.3 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 

Procedures for Priority Pollutants” 
 

16.4 New York State Analytical Services Protocol (NYSASP), 6/2000, plus revisions. 
 

16.5 QCSOP: Proper Documentation Procedures 
 

16.6 QCSOP: Numerical Data Reduction 
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16.7 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 
American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.8 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.9 NELAC Standards, June 2000, plus revisions 
 

16.10 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
16.11 New York State Environmental Laboratory Approval Program, Certification 

Manual, October 15, 1999, plus revisions. 
 

16.12 CompuChem Quality Manual, Revision 3, 12/19/02, plus revisions 
 

16.13 Sample Control SOP 4.1, “Receiving Samples” 
 

16.14 Sample Control SOP 4.6, “Storing Samples” 
 

16.15 Quality Control SOP 13.16, “Top Loading Balance Calibration & Maintenance.” 
 

16.16 Instrument Procedure 477, “GC/MS Analysis of Extractable Semivolatiles in 
Aqueous and Solid Samples by SW846 and NYSASP” 

 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 – Method Detection Limits 
 

17.2 Attachment 2 - Extraction Worksheet (-183) 
 

17.3 Attachment 3 – Single Analyst Capability Study 
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Attachment 1 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 

Preparation Date: January 13, 2004  
Analysis Date:  January 14, 19, 2004  Using higher of three instrument MDLs   
Instrument:  5972hp60/64/66

Compound Name Rep#1 Rep#2 Rep#3 Rep#4 Rep#5 Rep#6 Rep#7 Rep#8 Rep#9 Mean Test Conc. Std.Dev. MDL ReportLimit
ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg

n-Nitrosodimethylamine 73.54 36.91 56.68 104.29 51.56 80.77 62.00 43.41 46.55 61.75 83.5 21.29 61.6 330
Pyridine 27.23 6.21 8.23 44.03 56.81 43.74 41.33 31.38 5.03 29.33 83.5 19.05 55.2 330
Benzaldehyde 37.45 61.98 82.18 51.16 69.25 58.32 55.08 86.02 26.74 58.69 166.5 19.24 55.7 330
Phenol 73.94 82.27 86.96 93.16 89.68 97.75 87.21 95.34 75.28 86.84 83.5 8.37 24.2 330
Bis(2-chloroethyl)ether 62.87 66.02 68.85 72.12 66.75 78.39 74.22 78.62 70.11 70.88 83.5 5.46 15.8 330
2-Chlorophenol 66.23 66.81 71.10 72.79 72.59 75.85 70.97 75.65 62.49 70.50 83.5 4.49 13.0 330
1,3-Dichlorobenzene 64.20 70.42 75.62 69.66 69.10 70.79 75.07 78.85 71.16 71.65 83.5 4.30 12.4 330
1,4-Dichlorobenzene 64.96 74.34 77.35 74.46 69.06 79.66 78.66 75.91 71.31 73.97 83.5 4.77 13.8 330
Benzyl alcohol 19.50 43.85 39.18 57.23 53.65 40.52 29.80 39.05 37.48 40.03 83.5 11.35 32.9 330
1,2-Dichlorobenzene 63.38 70.67 75.96 75.33 65.44 73.09 81.60 73.90 67.05 71.82 83.5 5.78 16.7 330
2-Methylphenol 54.43 67.63 74.78 83.93 82.13 76.71 67.76 74.58 58.62 71.17 83.5 10.00 29.0 330
2,2'-oxybis(1-Chloropropane) 56.97 59.97 63.06 61.97 68.85 72.86 64.51 71.07 60.49 64.42 83.5 5.40 15.7 330
Acetophenone 59.67 62.81 64.83 72.62 67.03 69.87 68.16 74.31 60.61 66.66 83.5 5.13 14.9 330
3-/4-Methylphenol 125.68 142.20 144.21 164.59 157.78 160.13 144.12 154.13 130.97 147.09 166.5 13.23 38.3 330
n-Nitroso-di-n-propylamine 60.94 62.89 77.11 68.54 62.65 80.12 81.32 71.36 57.86 69.20 83.5 8.76 25.4 330
Hexachloroethane 61.60 66.17 73.72 72.23 59.12 69.36 78.04 73.00 66.46 68.86 83.5 6.10 17.7 330
Nitrobenzene 88.31 105.32 102.21 113.21 103.54 103.45 95.20 115.00 91.72 102.00 83.5 9.01 26.1 330
Isophorone 71.44 75.80 82.66 91.87 84.34 88.08 80.08 93.51 73.74 82.39 83.5 7.85 22.7 330
2-Nitrophenol 51.75 61.16 72.06 68.23 69.17 71.70 63.38 75.27 55.94 65.41 83.5 7.92 22.9 330
2,4-Dimethylphenol 31.17 74.61 60.06 101.90 89.44 55.57 36.99 58.74 46.68 61.68 83.5 23.37 67.7 330
Bis(2-chloroethoxy)methane 61.62 71.47 71.46 80.74 75.31 75.30 73.16 80.41 66.62 72.90 83.5 6.13 17.7 330
2,4-Dichlorophenol 59.44 69.63 78.45 83.79 75.64 74.74 70.31 77.78 67.13 72.99 83.5 7.21 20.9 330
1,2,4-Trichlorobenzene 70.28 82.66 83.47 83.99 76.30 83.04 86.32 81.01 71.22 79.81 83.5 5.81 16.8 330
Naphthalene 62.57 75.46 77.48 77.25 70.85 75.46 77.32 72.12 66.44 72.77 83.5 5.31 15.4 330
4-Chloroaniline 51.13 107.88 106.36 131.95 124.51 111.02 60.50 106.91 99.04 99.92 166.5 27.02 78.3 330
Hexachlorobutadiene 75.40 74.95 79.96 85.87 79.30 90.72 76.91 90.30 75.81 81.02 83.5 6.33 18.3 330
Caprolactam 44.91 15.70 63.02 44.40 47.84 49.60 54.25 45.63 55.05 46.71 83.5 13.10 37.9 330
4-Chloro-3-methylphenol 78.00 78.72 94.01 99.18 97.95 83.18 83.05 95.61 78.24 87.55 83.5 8.98 26.0 330
2-Methylnaphthalene 71.62 73.41 78.65 83.14 81.57 83.86 80.57 87.77 72.51 79.23 83.5 5.64 16.3 330
1-Methylnaphthalene 77.50 79.53 88.83 92.05 91.04 91.16 85.07 93.01 75.77 86.00 83.5 6.76 19.6 330
Hexachlorocyclopentadiene 544.93 648.34 668.88 688.14 637.85 668.90 669.18 650.54 568.90 638.41 835 48.85 141.5 330
2,4,6-Trichlorophenol 56.28 56.66 61.12 71.59 72.14 66.28 65.79 68.88 52.43 63.46 83.5 7.15 20.7 330
2,4,5-Trichlorophenol 53.67 62.04 63.08 75.09 74.17 73.25 60.47 67.34 60.85 65.55 83.5 7.38 21.4 330
1,1'-Biphenyl 72.81 78.16 82.10 85.25 89.38 91.15 81.15 90.03 74.72 82.75 83.5 6.72 19.5 330

GCMS Method 3550B/8270C Soil Sonication Semivolatiles
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Preparation Date: January 13, 2004  
Analysis Date:  January 14, 19, 2004  Using higher of three instrument MDLs   
Instrument:  5972hp60/64/66

Compound Name Rep#1 Rep#2 Rep#3 Rep#4 Rep#5 Rep#6 Rep#7 Rep#8 Rep#9 Mean Test Conc. Std.Dev. MDL ReportLimit
ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg

2-Chloronaphthalene 74.71 75.64 86.21 90.74 90.46 88.67 82.97 88.79 77.04 83.91 83.5 6.54 18.9 330
2-Nitroaniline 58.02 65.00 71.12 72.14 76.42 72.84 68.38 78.00 63.37 69.48 83.5 6.44 18.6 670
Dimethylphthalate 54.98 64.82 67.72 78.14 68.80 66.99 70.31 65.25 58.38 66.15 83.5 6.70 19.4 330
2,6-Dinitrotoluene 59.61 64.33 76.00 83.89 81.42 73.18 74.99 73.70 66.03 72.57 83.5 7.94 23.0 330
Acenaphthylene 65.84 72.10 74.16 82.42 78.78 78.32 71.35 78.77 66.03 74.20 83.5 5.87 17.0 330
3-Nitroaniline 60.77 102.52 100.18 120.66 114.77 109.50 80.45 105.53 98.50 99.21 166.5 18.34 53.1 670
Acenaphthene 71.02 77.05 82.79 85.55 86.15 86.62 79.29 86.11 72.56 80.79 83.5 6.09 17.6 330
2,4-Dinitrophenol 212.71 327.15 360.93 384.16 380.38 380.85 366.65 361.80 325.15 344.42 835 53.95 156.2 670
4-Nitrophenol 178.78 210.41 239.96 282.02 260.89 225.23 222.65 247.16 215.20 231.37 334 30.29 87.7 670
2,4-Dinitrotoluene 51.19 58.75 59.21 75.40 75.44 69.99 63.14 67.46 57.37 64.22 83.5 8.42 24.4 330
Dibenzofuran 69.48 74.69 75.31 86.64 84.68 84.28 77.27 84.24 72.29 78.76 83.5 6.29 18.2 330
Diethylphthalate 72.32 80.45 83.98 95.71 96.08 89.06 83.29 88.78 75.36 85.00 83.5 8.27 23.9 330
4-Chlorophenyl-phenylether 61.65 68.02 75.24 82.91 75.06 75.61 76.42 73.51 63.32 72.42 83.5 6.81 19.7 330
Fluorene 57.92 67.69 71.79 80.99 74.69 72.61 74.54 68.57 64.00 70.31 83.5 6.73 19.5 330
4-Nitroaniline 89.86 106.49 122.11 153.03 146.46 145.06 113.59 126.30 114.29 124.13 166.5 20.84 60.4 670
4,6-Dinitro-2-methylphenol 56.37 59.15 65.64 95.18 79.79 72.98 65.12 80.29 57.75 70.25 166.5 12.94 37.5 670
n-Nitrosodiphenylamine 69.32 77.08 81.14 90.77 93.64 80.07 77.42 81.37 69.56 80.04 83.5 8.24 23.9 330
1,2-Diphenylhydrazine 72.81 77.24 84.73 94.84 98.72 88.31 88.59 93.47 79.56 86.47 83.5 8.66 25.1 330
4-Bromophenyl phenylether 55.10 66.68 70.72 77.22 72.96 73.75 67.68 65.41 60.21 67.75 83.5 6.94 20.1 330
Hexachlorobenzene 72.99 86.16 91.52 101.17 88.93 90.50 92.39 84.54 70.88 86.56 83.5 9.54 27.6 330
Atrazine 98.57 99.39 108.97 128.50 133.74 115.29 114.86 124.14 103.32 114.09 83.5 12.73 36.9 330
Pentachlorophenol 96.06 30.42 246.05 104.64 29.64 85.69 69.53 166.00 56.64 98.30 166.5 69.37 200.9 670
Phenanthrene 70.74 76.67 78.82 90.12 91.29 85.86 81.23 84.13 73.31 81.35 83.5 7.15 20.7 330
Anthracene 68.11 75.98 80.28 93.27 92.43 82.30 76.26 83.05 71.99 80.41 83.5 8.51 24.6 330
Carbazole 132.41 143.63 149.48 165.17 168.87 163.06 153.24 157.84 142.56 152.92 83.5 12.03 34.8 330
Di-n-butylphthalate 71.10 78.99 79.60 87.68 95.89 86.74 82.34 84.07 72.76 82.13 83.5 7.67 22.2 330
Fluoranthene 61.50 77.99 76.59 87.08 81.46 77.17 78.18 73.57 65.26 75.42 83.5 7.84 22.7 330
Pyrene 93.60 93.74 106.35 114.61 115.20 103.69 99.93 103.47 90.19 102.31 83.5 8.94 25.9 330
Butylbenzylphthalate 79.48 79.01 88.72 98.38 102.10 91.73 88.51 87.45 80.00 88.38 83.5 8.20 23.7 330
3,3'-Dichlorobenzidine 39.23 53.97 53.19 66.94 62.45 56.55 45.02 52.90 47.90 53.13 83.5 8.49 24.6 670
bis(2-ethylhexyl)phthalate 94.66 90.23 96.69 100.05 115.74 103.37 99.39 102.32 88.84 99.03 83.5 8.03 23.3 330
Benzo(a)anthracene 66.88 83.59 82.54 91.66 88.81 84.86 86.07 80.79 71.01 81.80 83.5 8.04 23.3 330
Chrysene 84.92 94.28 98.99 106.15 112.18 101.54 90.42 98.56 87.66 97.19 83.5 8.84 25.6 330
Di-n-octylphthalate 66.73 67.90 71.98 75.80 79.63 79.07 68.65 72.07 62.66 71.61 83.5 5.75 16.6 330
Benzo(b)fluoranthene 67.60 69.92 82.53 85.85 80.98 80.41 77.59 82.57 68.96 77.38 83.5 6.80 19.7 330
Benzo(k)fluoranthene 74.44 83.99 79.29 101.04 102.70 83.25 85.97 87.20 74.17 85.78 83.5 10.22 29.6 330
Benzo(a)pyrene 68.96 74.72 75.32 87.80 88.48 74.91 71.02 76.17 68.11 76.17 83.5 7.37 21.3 330
Indeno(1,2,3-c,d)pyrene 63.83 66.04 68.62 80.57 78.27 69.95 69.81 74.03 59.63 70.08 83.5 6.70 19.4 330
Dibenzo(a,h)anthracene 64.32 71.46 71.79 81.88 81.42 74.01 68.47 75.17 63.74 72.47 83.5 6.50 18.8 330
Benzo(g,h,i)perylene 67.90 68.50 75.59 79.48 81.67 72.91 68.19 73.19 61.97 72.16 83.5 6.21 18.0 330

GCMS Method 3550B/8270C Soil Sonication Semivolatiles

Attachment 1 (continued) 
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 Attachment 2 
 

 
 
 
 

 
 

 
 

EXTRACTION WORKSHEET
ASSIGNED TO:       ___________________________ Medium Level Soil S-V, Method 3550B for 8270C

CompuChem 

EMP ID NUMBER:   ___________________________ -183 DATE EXTRACTED/POSTED:_____________________

SAMPLE FINAL
SAMPLE         QC SAMPLE WEIGH VOLUME
NUMBER TYPE (g) (ml)

1 Comment: Only 50% of the extract is carried through the final volume
2 *Add 1.0 mL validation spike to LCS
3
4 GPC (3640A) PERFORMED   Y / N
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23 BLK

24 LCS

S-VOL Acid B/N Others
NO. 393   FINAL VOLUME VERIFIED:___________________________

SURROGATE AMT 1.0 ml
LOT   SUPERVISOR REVIEWED:_____________________________
NO. 3012 2021 VALID.

SPIKE AMT. 1.0 ml 1.0ml 1.0 ml   Witness  ________ / _____________
LOT                          Initials              Date

   SURROGATE & SPIKE ADDED BY:      __________/_____________
Initials       Date

Analyst initials. Extracted _____________ KD ______________ N2 _________ Bottle up ___________

Manufacturer  and lot number of reagents/solvents used ________________________________________________________________________________________________

COMMENTS
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Attachment 3 
  
 

 
 
 

Laboratory Name/North Carolina Certificate Number:  CompuChem/79
Analyst:  Gracure Bailey
Study Date:  November 29, 2001
Method:  3550B/8270C Soil

Compounds TrueVal Rep#1 Rep#2 Rep#3 Rep#4 Mean Mean SOP SD(n-1) -3SD +3SD -3SD +3SD SOP RSD
mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg %R %R %R of (x) of (x) % R %R %RSD %

Bis(2-chloroethyl)ether 2667 2249 1914 2012 2000 2044 77 19-113 143.63 1612.9 2474.6 79 121 50 7
2,2'-oxybis(1-Chloropropane) 2667 2393 1780 1689 1600 1866 70 18-114 90.00 1595.5 2135.5 86 114 50 5
N-Nitroso-di-N-propylamine 2667 2275 2001 1895 2800 2243 84 12-140 404.53 1029.2 3456.3 46 154 50 18
Hexachloroethane      2667 2104 2044 1534 1800 1871 70 10-131 260.02 1090.4 2650.6 58 142 50 14
Nitrobenzene          2667 2415 2175 2358 2200 2287 86 18-127 117.67 1934.0 2640.0 85 115 50 5
Isophorone            2667 2391 2182 1861 2000 2109 79 21-117 229.66 1419.5 2797.5 67 133 50 11
Bis(2-chloroethoxy)methane 2667 2340 1989 1938 1900 2042 77 22-141 202.15 1435.3 2648.2 70 130 50 10
Naphthalene           2667 2112 2181 1946 2400 2160 81 14-113 188.10 1595.5 2724.0 74 126 50 9
4-Chloroaniline       2667 1926 1680 1949 1800 1839 69 10-107 124.46 1465.4 2212.1 80 120 50 7
Hexachlorobutadiene   2667 2095 2359 1814 2300 2142 80 11-137 246.20 1403.4 2880.6 66 134 30 11
2-Methylnaphthalene   2667 2225 2266 1948 2100 2135 80 16-146 143.13 1705.4 2564.1 80 120 50 7
Hexachlorocyclopentadiene 2667 2739 2856 1960 1700 2314 87 10-150 570.58 602.0 4025.5 26 174 50 25
2-Chloronaphthalene   2667 2371 2438 2124 2300 2308 87 15-138 135.14 1902.8 2713.7 82 118 50 6
2-Nitroaniline        2667 2321 2163 1874 2300 2165 81 20-132 205.95 1546.7 2782.3 71 129 50 10
Dimethylphthalate     2667 2353 2419 1946 2500 2305 86 20-129 246.44 1565.2 3043.8 68 132 50 11
2,6-Dinitrotoluene    2667 2514 2475 2079 2500 2392 90 18-131 209.29 1764.1 3019.9 74 126 50 9
Acenaphthylene        2667 2245 2380 2018 2500 2286 86 18-121 206.67 1665.7 2905.8 73 127 50 9
3-Nitroaniline        2667 2194 1870 1745 2000 1952 73 11-105 191.87 1376.6 2527.9 71 129 50 10
Acenaphthene          2667 2110 1584 2046 2400 2035 76 18-112 337.82 1021.5 3048.5 50 150 30 17
2,4-Dinitrotoluene    2667 2399 2494 1636 2400 2232 84 18-128 399.99 1032.3 3432.2 46 154 50 18
Dibenzofuran          2667 2254 2409 2210 2300 2293 86 24-131 85.47 2036.8 2549.7 89 111 50 4
Diethylphthalate      2667 2272 2584 2251 2400 2377 89 18-128 153.06 1917.6 2835.9 81 119 50 6
4-Chlorophenyl-phenylether 2667 2159 2348 1554 2500 2140 80 18-130 414.98 895.3 3385.2 42 158 50 19
Fluorene              2667 2206 2288 2210 2500 2301 86 15-123 137.93 1887.2 2714.8 82 118 50 6
4-Nitroaniline        2667 2113 2109 2033 2500 2189 82 10-113 210.74 1556.5 2821.0 71 129 50 10
N-Nitrosodiphenylamine 2667 2419 2272 2667 2300 2415 91 23-123 179.99 1874.5 2954.5 78 122 30 7
4-Bromophenyl-phenylether 2667 2338 2540 2395 2600 2468 93 21-131 122.25 2101.5 2835.0 85 115 50 5
Hexachlorobenzene     2667 2538 2634 2102 2600 2469 93 15-148 247.54 1725.9 3211.1 70 130 50 10
Phenanthrene          2667 2279 2292 2144 2500 2304 86 18-123 146.95 1862.9 2744.6 81 119 50 6
Anthracene            2667 2308 2262 2462 2700 2433 91 19-120 197.48 1840.6 3025.4 76 124 50 8
Carbazole             2667 2386 2407 2723 3500 2754 103 24-140 520.68 1192.0 4316.0 43 157 50 19
Di-n-butylphthalate   2667 2439 2959 2511 2300 2552 96 20-131 284.96 1697.4 3407.1 67 133 50 11
Fluoranthene          2667 2336 2417 2155 3000 2477 93 16-127 365.47 1380.6 3573.4 56 144 30 15
Pyrene                2667 2584 2078 2228 2800 2423 91 12-123 329.19 1434.9 3410.1 59 141 50 14
Butylbenzylphthalate  2667 2668 2172 2103 2300 2311 87 20-119 251.76 1555.5 3066.0 67 133 50 11
3,3'-Dichlorobenzidine 2667 1587 1287 1470 1900 1561 59 10-129 257.52 788.4 2333.6 51 149 50 16
bis(2-ethylhexyl)Phthalate 2667 2712 3257 2132 2200 2575 97 18-125 523.06 1006.1 4144.4 39 161 50 20
Benzo(a)anthracene    2667 2336 2195 2026 2900 2364 89 17-117 378.98 1227.3 3501.2 52 148 50 16
Chrysene              2667 2316 2144 2135 2900 2374 89 19-121 360.58 1292.0 3455.5 54 146 50 15
Di-n-octylphthalate   2667 2457 2061 1725 2000 2061 77 13-135 301.90 1155.0 2966.5 56 144 30 15
Benzo(b)fluoranthene  2667 2137 2042 1892 2700 2193 82 10-126 352.89 1134.1 3251.4 52 148 50 16
Benzo(k)fluoranthene  2667 2081 2070 1518 2500 2042 77 12-129 402.76 834.0 3250.5 41 159 50 20
Benzo(a)pyrene        2667 1971 1985 1714 2700 2093 78 15-120 423.73 821.3 3363.7 39 161 30 20
Indeno(1,2,3-c,d)pyrene 2667 1664 1771 1539 3500 2119 79 15-127 925.87 -659.1 4896.1 -31 231 50 44
Dibenzo(a,h)anthracene 2667 1747 2002 1747 3000 2124 80 10-130 596.24 335.3 3912.7 16 184 50 28
Benzo(g,h,i)perylene  2667 1842 1857 1692 3200 2148 81 13-125 705.44 31.4 4264.1 1 199 50 33
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Instrument Procedure 477: GC/MS Analysis of Extractable Semivolatiles in Aqueous and 
Solid Sample Extracts by SW-846 

 
 
1.0 Scope and Application 
 

This method covers the determination of a variety of semivolatile compounds in aqueous 
and solid samples.  These compounds are partitioned into an organic solvent and are 
amenable to analysis by gas chromatograph/mass spectrometer (GC/MS) instrumentation.  
The method involves solvent extraction of the matrix, and GC/MS analysis to determine 
the semivolatile compounds present in the sample.  Target compounds for this method 
are listed in Attachment 1, along with associated internal standards, surrogates and 
quantitation ions.  Reporting limit are included in Attachment 3.   
 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

Water samples are extracted prior to analysis following Sample Preparation Procedure –
079, “Preparation of Water Samples for the Analysis of Low Level Semivolatile Organic 
Compounds by SW-846 and NYSASP.”  Soil samples are extracted using Sample 
Preparation Procedure –176, “Preparation of Soil/Sediment/Sludge Samples for the 
Analysis of Low-Level Semivolatile Organic Compounds SW-846 and NYSASP," 
Sample Preparation Procedure –236, “Soxhlet Extraction of S/S/S Samples by Method 
3540C in SW-846 & NYSASP,” Sample Preparation Procedure –183, “Medium Level 
Preparation Procedure for Semivolatile Organics in Soil Samples by SW-846 and 
NYSASP,” or Sample Preparation Procedure –247, “Automated Soxhlet Extraction of 
Soil/Sediment/Sludge and Wipe Samples by SW-846 + NYSASP.” 

 
Sample extracts are injected into a GC/MS system equipped with a narrow bore, fused 
silica capillary column.  The GC is temperature programmed in order to separate the 
analytes for detection by the MS.  Target compounds are identified in the samples by 
analyzing standards under the same conditions used for samples, comparing mass spectra 
with established library spectra, and comparing GC retention times with retention times 
from the latest continuing calibration verification standard. 
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Internal standards and surrogate compounds are added to all samples, QC and standards.  
An average relative response factor is established for each target and surrogate compound 
during the initial calibration procedures and this average response factor is used to 
calculate the analyte concentrations. 
 

3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration. 

 
To meet the requirements of the DoD-QSM, if the reporting limit  is not at least 
three times higher than the calculated MDL value, the reporting limit  is adjusted 
upward in order to achieve this minimal ratio.   

 
3.3 Reporting Units – μg/L for water and μg/Kg for soil 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days per client request) beginning with the receipt of the first 
sample. 

 
NOTE: The DoD-QSM and SC DHEC do not accept the SDG approach, 

unless the samples are prepared in a single batch.  When a group of up 
to 20 field samples of a similar matrix are prepared as one batch, 
method-specified QC samples such as a method blank, laboratory 
control sample, matrix spike, and matrix spike duplicate must also be 
prepared together at a rate of 5% for DoD-QSM and 10% for SC 
DHEC.  If samples are batched together from different sites, project-
specific QC must be processed. 

 
3.5 SC DHEC – South Carolina Department of Health and Environmental Control 

 
 3.6 DoD-QSM – Department of Defense Quality Systems Manual 
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4.0 Interferences 
 

4.1 Contamination by carryover can occur whenever high concentration and low 
concentration samples are sequentially analyzed.  To reduce carryover, the sample 
syringe must be rinsed with solvent between sample injections.  Whenever an 
unusually concentrated sample is encountered, the following sample must be 
evaluated for carryover. 

 
4.2 If any contamination is present in blanks, samples or QC, the source must be 

identified and re-extraction of part or the entire analytical batch may be required. 
 
5.0 Safety 
 

5.1 Appropriate protective equipment and clothing must be used under the 
assumption that all samples are potentially hazardous.  During sample 
preparation, i.e., extraction, safety glasses, gloves and lab coats are a minimum 
requirement.  Sample extracts should be prepared under a hood.  The persistent 
presence of noxious odors may be indicative of failure of the laboratory 
ventilation system and must be reported to a supervisor or manager. 

 
5.2 Laboratory staff are required to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets (MSDS) for solvents and 
reagents used in the laboratory.  The MSDS are located in the Quality Assurance 
department. 

 
6.0 Equipment & Supplies 
 

6.1 Analytical Columns 
 

6.1.1 RTX-5MS, 0.32 mm ID, 0.25 μm film thickness 
 

6.1.3 RTX-5MS, 0.25 mm ID, 0.25 mm film thickness 
 

6.2 GC 
 

6.2.1 Hewlett Packard (HP) 5890 Series with Electronic Pressure Control (EPC) 
   

6.2.2 HP 6890 Series with EPC 
   

 
6.3 MS 

 
6.3.1 HP 5972A Mass Selective Detector (MSD) 
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6.3.2 HP 5973 MSD 

 
6.4 AutoSampler 

 
6.4.1 Hewlett Packard 7673 and 6890 Automated Liquid Sampler 

 
6.5 Data System 

 
6.5.1 A computer is interfaced to the mass spectrometer to allow the continuous 

acquisition and storage on machine-readable media of all mass spectra 
obtained throughout the duration of the chromatographic program.  HP 
ChemServer is used for data collection. 

 
6.5.2 The data processing computer has software that searches any GC/MS data 

file for ions of a specified mass and plots ion abundances versus time or 
scan number.  This type of plot is defined as an Extracted Ion Current 
Profile (EICP).  Also, for the non-target compounds, the software compares 
sample spectra against reference library spectra. The reference library used 
is the NIST Mass Spectral library (NBS129K.1) 

 
6.5.3 The Hewlett Packard HP 9000 series 735 Unix Workstation employing with 

Target3 software by Thru-Put Systems is used for data processing and short 
term data storage. 

 
6.6 Syringes 

 
6.6.1 10 μL Hamilton syringe 

 
7.0 Reagents & Standards 
 

Refer to the Standards Preparation Logbook 22 F and applicable standard preparation 
SOPs for details on preparation of standards used in this procedure.  All standards used in 
this procedure are prepared in optima grade methylene chloride. 
 
7.1 Reagent water – All water used in this procedure must be reagent-grade Type I 

with regard to resistivity of > 10 megohm-cm (19th and 20th Editions of Standard 
Methods, Method 1080), and is demonstrated to meet the blank criteria contained 
in this Standard Operating Procedure (SOP).  It is referred throughout this SOP as 
reagent water.   

 
7.2 Methylene Chloride – analytical grade 
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7.3 Reference Standards  
 

7.3.1 Stock standards 
 

7.3.1.1 Stock standards are prepared from certified, pure standard 
materials or purchased as certified solutions. 

 
7.3.1.2 Stock standards are stored as recommended by the manufacturer 

(4 ± 2° C) in the Organic Standards Preparation laboratory. 
 
7.3.1.3 Stock standards are replaced after 1 year or sooner, if problems 

occur. 
 

7.3.2 Working Standards 
 

Working standards are stored in the analysis laboratory at 4 ± 2° C 
separate from sample extracts, when not in use.  Working standards are 
prepared every six months or sooner. 

 
7.3.2.1 Internal standard solution is prepared at a concentration of 800 

µg/mL. 
 
7.3.2.2 Initial calibration standard solutions are prepared at 

concentrations of 5, 10, 25, 40, 60 and 80 µg/mL. 
 

8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control SOPs 
4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are 
also listed. 

 
8.2 All extracts must be analyzed within 40 days of extraction. 

 
8.3 Prior to analysis, all extracts must be stored in the freezer at -10o C in the 

laboratory.  After analysis, extracts are returned to Sample Control for long-term 
storage and disposal. 

 
9.0 Quality Control  
 

9.1 Surrogates 
9.1.1 Surrogates are added to all samples, standards, and QC samples and are 

used to measure the efficiency and accuracy of the analytical system.  
Statistical control limits for surrogates are listed in the following table. 
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Compound Aqueous 
(% Recovery) 

Soil 
(% Recovery) 

Nitrobenzene-d5 35-110 28-110 
2-fluorobiphenyl 45-110 39-112 
Terphenyl-d14 49-120 51-119 
Phenol-d5 10-110 38-110 
2-fluorophenol 11-110 33-110 
2,4,6-tribromophenol 44-131 34-150 

 
 
9.1.1.1 If the surrogate recoveries are outside the control limits in 9.1.1, 

re-analyze the sample.  If the surrogate recoveries are still 
outside of control limits, re-extract and reanalyze the sample.   

 
9.1.1.2 If insufficient sample volume remains for re-extraction or the 

holding time has been exceeded, report results and document the 
failing surrogate results in the narrative.  

 
9.1.2 The surrogate control limits required by the DoD-QSM are listed in the 

following table. 
 

Compound Aqueous 
(% Recovery) 

Soil 
(% Recovery) 

Phenol-d5 N/A 40-100 
2-Fluorobiphenyl 50-110 45-105 
Terphenyl-d14 50-135 30-125 
2,4,6-Tribromophenol 40-125 35-125 
2-Fluorophenol 20-110 35-105 
Nitrobenzene-d5 40-110 35-100 

 
 

9.1.2.1 If the surrogate recovery control limits in 9.1.2 are not met and 
sufficient volume remains, re-extract and reanalyze the sample. 

 
9.1.2.2 If field sample results are reported with failing surrogate 

recoveries, qualify the results as estimated concentrations in the 
narrative.  Refer to the DoD-QSM “J” flag. 

9.1.2.3 If QC samples results are reported with failing surrogate 
recoveries, qualify the results as estimated concentrations in the 
narrative.  Refer to the DoD-QSM “Q” flag.  
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9.2 Internal Standards 

 
9.2.1 Internal standard is added to an aliquot of the extract just prior to analysis 

in the instrumentation laboratory and is used in the quantitation of target 
analytes and surrogates. 

 
9.2.2 The internal standard retention times in the continuing calibration standard 

must not differ more than ± 30 seconds from those in the mid point 
standard (80 ηg) in the most recent initial calibration.  Additionally, the 
area response of the internal standards in the continuing calibration 
verification standard must be within -50% and +100% of those in the mid 
point standard of the most recent initial calibration. 

 
9.2.3 If a sample fails internal standard acceptance criteria, reanalyze. 
 

9.3 Method Blanks 
 

9.3.1 A method blank is prepared with every analytical batch of up to 20 
samples.  For SC DHEC, the method blank is performed at a frequency of 
10%.  It is used to indicate extraction efficiency and contamination control 
within the analytical system.  The method blank must be analyzed on each 
GC/MS system used to analyze the associated samples. 

 
9.3.2 Any target analyte detected in the method blank must be less than the 

reporting limit.  Except for SC DHEC, phthalates are allowed to be 
present at up to five times the reporting limit.  Surrogate and internal 
standard responses must be within acceptance windows 

    
9.3.2.1 To meet the requirements of the DoD-QSM, all target analytes in 

the method blank must be at concentrations < half the reporting 
limit. 

9.3.3 If the method blank fails acceptance criteria for surrogate recovery or 
contamination, the analytical system is considered to be out of control.  
The source of the contamination must be investigated and appropriate 
corrective measures taken and documented before more samples are 
analyzed.  All samples processed with a method blank that is out of 
control must be re-extracted and reanalyzed, unless the method blank 
meets acceptance criteria upon re-injection. 

9.4 Laboratory Control Sample 
 

9.4.1 An LCS for aqueous matrix is reagent water and for solid matrix is 
furnaced Ottawa sand, or an additional portion of furnaced sodium sulfate, 
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which has been fortified with target compounds and surrogate standards.  
The LCS is prepared with each extraction batch of up to 20 samples. For 
SC DHEC, the laboratory control sample is performed at a frequency of 
10%. The LCS should be analyzed after any method blank associated with 
the group of samples.  The LCS data are used to ensure that any failing 
spiked target compound in the matrix spike and matrix spike duplicate is 
due to interference and not representative of an analytical system that is 
out of control. 

 
  9.4.4 An acceptable LCS will contain all project compounds within the 

control limits listed in Attachments 5.  A certain number of recoveries 
may be outside of the control limits but within the marginal 
exceedances listed in Attachment 5 depending on the number of 
compounds spiked. See the following table. 

 
Number of analytes in the 

LCS 
Allowed number of Marginal 

Exceedances 
>90 5 

71-90 4 
51-70 3 
31-50 2 
11-30 1 
<11 0 

 
9.4.5 To meet the requirements of the DoD-QSM, the LCS must meet the 

control limits listed in Attachment 6 with allowance for a number of 
marginal exceedances based on the number of compounds spiked (see 
table in section 9.4.4).  All target compounds must be spiked. 

  
9.4.5.1 If the LCS fails acceptance criteria, re-extract and reanalyze all 

associated samples (if sufficient sample volume remains). 
  
9.4.2.2 Sample results associated with a failing LCS must be qualified in 

the narrative.  Refer to the DoD-QSM “Q” flag. 
 

9.5 Matrix Spike and Matrix Spike Duplicate 
 
  9.5.1 A matrix spike and matrix spike duplicate (MS/MSD) are prepared with 

each SDG.  For SC DHEC, the matrix spike/matrix spike duplicate are 
performed at a frequency of 10% for water samples and 5% for soil 
samples. 
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9.5.2 The majority of the acid spiked compound recoveries and relative percent 
differences (RPDs) and the majority of the base/neutral spiked compound 
recoveries and RPDs should be within the control limits listed in 
Attachment 5 and the RPD limits listed in Attachment 7.  A subset of 
analytes may be reported depending on specific project requirements.   

  
9.5.2.1 To meet the requirements of the DoD-QSM, the LCS control limits 

must be applied to the duplicate matrix spikes.  The RPD between 
the duplicate matrix spikes must be ≤ 30%, 

  
9.5.2.2 If the duplicate matrix spikes do not meet DoD-QSM criteria, 

contact the client for guidance.  Results for specific compounds in 
the original sample associated with failing matrix spikes must be 
qualified in the narrative as estimated values.  Refer to the DoD-
QSM “J” flag.   

 
9.5.3 If the sample and associated MS/MSD show the same recovery trend, then 

re-extraction is not required.  If the original associated with the MS/MSD 
does not meet QC criteria, it should be reanalyzed, or re-extracted then 
reanalyzed, if the MS/MSD surrogate recoveries are within limits. 

 
9.5.4 If LCS is acceptable, and the MS/MSD results are consistent with the 

original unspiked sample, it can be assumed that the poor recovery is 
matrix  related. 

 
9.6 Duplicates 

 
9.6.1 Duplicates, at a frequency of 10% for water samples and 5% for soil 

samples, are required when processing samples submitted to meet the 
regulatory requirements of SC DHEC.  This may be satisfied with the 
MS/MSD. 

 
9.7 Contingency 

 
9.7.1 If due to a lab accident or to QC failures, a re-preparation and analysis are 

required for the sample and insufficient sample volume remains, the 
Project Manager must be alerted and will contact the client for direction 
on how to proceed. 

 
9.7.2 If persistent contamination occurs in the laboratory, analysis must be 

halted until the source of the contamination can be identified and isolated.  
When the contamination issue is resolved, samples analysis may proceed. 
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9.7.3 Refer to the corresponding Data Review SOP (number will vary among 
sections) for information on how to handle reporting of data that are 
unacceptable or out-of-control. 

 
9.7.4 Any other issues that potentially effect data quality should also be 

addressed with the Project Manager. 
 

10.0 Calibration & Standardization 
 

10.1 Tuning the GC/MS 
 

10.1.1 Prior to analysis of any samples, blanks, or calibration standards, the 
laboratory must establish that the GC/MS system meets the mass spectral 
ion abundance criteria for a tuning standard performance check solution 
containing Decafluorotriphenylphosphine (DFTPP). 

 
10.1.1.1 At the time of tuning the instrument, the laboratory clock and 

instrument system clock must be verified to be in agreement for 
both time and date.  Document that the lab’s clock and date 
(LCD) are the same as the instrument’s system clock and date 
(SCD) by writing “LCD=SCD” in the instrument’s run log. 

 
10.1.2 The instrument is standardized (tuned) by analyzing the DFTPP tuning 

solution every 12 hours.  Two µL of the 25 ηg/µL DFTPP solution (50 ηg) 
are injected into the GC/MS.   

 
10.1.3 The peak selection criteria for DFTPP analysis are as follows. 

 
10.1.3.1 Acquire and average the apex of the DFTPP peak and one scan 

immediately before and after the apex. Subtract a single 
background scan prior to the peak, but no more than 20 scans 
prior to the elution of DFTPP.  Also, do not subtract part of the 
DFTPP peak.  The DFTPP acceptance criteria are listed in the 
following table. 
 

Mass Ion Abundance Criteria 
51 30.0-80.0% of mass 198 
68 < 2.0% of mass 69 
69 present 
70 < 2.0% of mass 69 
127 25.0-75.0% of mass 198 
197 <1.0% of mass 198 
198 Base peak, 100% relative abundance(see note) 
199 5.0-9.0% of mass 198 
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Mass Ion Abundance Criteria 
275 10.0-30.0% of mass 198 
365 Greater than 0.75% of mass 198 
441 Present but < mass 443 
442 40.0-110.0% of mass 198 
443 15.0-24.0% of mass 442 

 
Note: All ion abundances are normalized to m/z 198, the normal base 

peak. 
 

10.1.4 The DFTPP solution also contains benzidine, pentachlorophenol, and 
4,4’-DDT to assess the condition of the column and injection port. 

 
10.1.4.1 Benzidine, pentachlorophenol, and 4,4΄-DDT are added as 

evaluation aids to indicate injector port and GC column 
efficiencies. 

 
10.1.4.2 4,4΄-DDT is used to assess the instrument condition prior to 

GC/MS confirmations of pesticide and PCB analytes. 
 

10.1.4.3 Excessive 4,4΄-DDT breakdown and poor peak shape and 
response for benzidine and pentachlorophenol indicate 
maintenance is required for the injector port or GC column. 

 
10.1.5 The following breakdown and tailing factor criteria must be met for the 

DFTPP analysis to be acceptable. 
 

10.1.5.1 The % breakdown for DDT into DDE and DDD must not exceed 
20%. 

 
10.1.5.2 The tailing factor for benzidine must not exceed 3.0. 
 
10.1.5.3 The tailing factor for pentachlorophenol must not exceed 5.0. 

 
Note: When the breakdown or tailing factor criteria are not met 

it is indicative that instrument maintenance is necessary 
for the column and/or the injector port. 

 
10.1.6 All valid injections must be made within the 12-hour calibration period 

that begins with the time of the injection of the DFTPP.  Each injection 
thereafter must be recorded on the instrument run log (Attachment 3). 

 
10.2 Initial Calibration 
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10.2.1 An initial six-point calibration (“multipoint”) must be performed if a valid 

multipoint for the method has not already been analyzed on the instrument 
or if the continuing calibration standard (12-hour continuing calibration 
standard) does not meet all acceptance criteria. 

 
10.2.2 The initial calibration standards are at six concentration levels (10, 20, 50, 

80, 120, and 160 total ηg per 2 µL).  Each calibration standard contains 
each compound of interest and each surrogate.   

 
10.2.3 Allow the calibration standard solutions to equilibrate to room 

temperature.  Place an aliquot of each calibration standard solution in an 
amber 2 mL autosampler vial and place the vials on the instrument’s 
autosampler.   
 
Note: All injection volumes are 2 µL and are performed with a using 

cold needle.  
   

 
10.2.4 Initial Calibration Acceptance Criteria 
  

10.2.4.1 The System Performance Check Compounds (SPCCs) N-
Nitroso-di-n-propylamine, 2,4-Dinitrophenol, Hexa-
chlorocyclopentadiene, and 4-Nitrophenol must have an average 
response factor of ≥ 0.050. 

 
10.2.4.2 The Calibration Check Compounds (CCCs) Phenol, 1,4-

Dichlorobenzene, 2-Nitrophenol, Hexachlorobutadiene, 4-
Chloro-3-methylphenol, 2,4-Dichlorophenol, Acenaphthene, 
Pentachlorophenol, Diphenylamine, 2,4,6-Trichlorophenol, 
Fluoranthene, Di-n-octylphthalate and Benzo(a)pyrene have a 
maximum RSD of 30%.  

 
10.2.4.3 Each of the remaining compounds must have an average RSD of 

≤ 15% for the initial calibration to be acceptable. 
  

Note: For samples submitted to meet the regulatory 
requirements of the State of South Carolina, the non-CCC 
target analytes must not exceed 50% RSD. 

  
  10.2.5 Alternate Initial Calibration Acceptance Criteria 
    

If the initial calibration criteria in 10.2.4 are not met, the calibration 
options in section 10.2.5.1 or 10.2.5.2 are used. 
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10.2.5.1 A linear or quadratic regression is used.  The correlation 

coefficient must be ≥ 0.99 for the calibration curve to be 
acceptable.  To meet the requirements of the DoD-QSM the 
linear regression correlation coefficient must be ≥ 0.995. 

 
Note: Neither the SC DHEC nor the DoD-QSM accept the use 

of quadratic regression. 
 

10.2.5.2 The “grand mean” is used.  The mean of the RSD for all of the 
compounds present in the calibration standard is calculated and 
must be ≤ 15%.  The client must be provided with a list of the 
individual compounds that did not meet the ≤ 15% RSD criteria.   

 
Note: Calibration using the “grand mean” is not allowed by the 

SC DHEC or the DoD-QSM. 
 
10.2.6 Corrective Actions for the Initial Calibration 

  
10.2.6.1 Check the instrument operating conditions and perform 

maintenance as necessary.  It may be necessary to clean the ion 
source, perform column maintenance, change the column, or take 
other corrective action to achieve the technical acceptance 
criteria.   

    
10.2.6.2 Compare responses for the analytes in each of the standard levels 

to verify that a single standard analysis is not presenting results 
significantly higher or lower then the other standard analyses. If 
that is the case, the wrong standard may have been injected. Or 
the standard prepared incorrectly.  Reanalyze the standard and 
calculate the response factors and % RSD.   

  
10.2.6.3 The calibration range may be narrowed to determine if linearity 

can be achieved.  The highest or lowest calibration standard may 
be replaced with a lower or higher concentration. This may cause 
more dilution re-analyses, if the high level standard is replaced 
or change the reporting limit if the lower standard is replaced.   

 
10.2.6.4 If neither of the corrective actions in section 10.2.6.2 or 

10.2.6.3 produce an acceptable calibration, perform 
instrument maintenance and analyze a new initial 
calibration. 

 
10.3 Initial Calibration Verification 
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10.3.1 Inject 2 µL of second source ICV standard immediately after the initial 

calibration has been completed. 
 

10.3.2 All analytes must be in the range of ± 30% of the expected value.  An 
allowance is made that 10% of the analytes can be within 40% of the 
expected value. 
  
10.3.2.1 To meet the requirements of the DoD-QSM, all analyte 

recoveries in the ICV must be within ± 25% of the expected 
value.   

 
10.3.3 If criteria in 10.3.2 or 10.3.2.1 are not met, reanalyze the ICV standard.  If 

the ICV criteria are still not met, investigate and correct the problem, and 
analyze a new initial calibration. 

 
10.4 Continuing Calibration Verification 

 
10.4.1 Inject 2 µL of continuing calibration verification (CCV) standard at the 

beginning of the 12-hour period after the DFTPP acceptance criteria have 
been met.  The CCV standard is the mid-level initial calibration standard 
level (40 µg/mL). 

 
 
10.4.2 CCV Acceptance Criteria 

 
10.4.2.1 The internal standard retention times for the CCV standard must 

not differ from the corresponding internal standards in the mid-
point standard (80 ηg) in the most recent initial calibration by 
more that ± 0.5 minutes (30 seconds). 

 
10.4.2.2 The internal standard area responses for the CCV standard must 

be with ± 50 % of the corresponding internal standard area 
responses in the mid-point standard of the most recent initial 
calibration. 

 
10.4.2.3 The SPCCs (see 10.2.4.1) must have a minimum response factor 

of ≥ 0.050. 
 
10.4.2.4 The CCCs (see 10.2.4.2) must have a percent drift/difference of 

≤ 20.  
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10.4.2.5 The remaining target compounds do not have defined % 
difference/drift criteria.  The lab has established a warning limit 
of 50% and an action limit of 90% D.  These criteria are based 
strictly on established U.S. EPA data validation guidelines where 
values greater than 90% result in rejection of data. 

    
Note: For samples submitted to meet the regulatory 

requirements of the SC DHEC, the non-CCC have a 
warning limit of 40% D and an action limit of 50%D. 

 
10.4.3 If continuing calibration acceptance criteria cannot be met after inspection 

and normal maintenance, a new initial calibration is performed.   
 
 
11.0 Procedure 
 

Documentation must follow the requirements in Quality Control SOP 13.6, “Proper 
Documentation Procedures”.  The run log (Attachment 3) must contain the date and time 
of the injection, the volume of the extract injected, standard identification numbers, 
sample identification numbers, case/SDG numbers, any comment relevant to the 
injection, and any preventive maintenance performed.  Preventive maintenance includes 
front-end maintenance, rear end maintenance, and tuning the instrument.  Any major 
maintenance, i.e., changing the source or column, is recorded in the instrument 
maintenance logbook. 

 
11.1 Calibrate the GC/MS as outlined in section 10.0 

 
 11.2 Instrument settings 
 
  11.2.1 GC Conditions 
  

• Injector    Split/Splitless   
• Carrier Gas   Helium   
• Injection Port Temp (°C) 280 – 320   
• Sweep Flow (ml/min)  100   
• Column Flow (ml/min)  1.5 – 2.7   
• Initial Temp (°C)  40   
• Hold (min)   2 
• Ramp Rate (°C/min)  15 – 25 
• Final Temp (°C)   305 – 315  
• Hold (min)   2 – 7   
• Transfer Line Temp (°C) 280 – 310 
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Note: GC conditions may vary with regular instrument maintenance. 
 
11.2.2 Mass Spectrometer Scanning parameters 

 
• Low Mass: 35 amu 
• High Mass: 500 amu 
• Threshold: 150 amu 
• Scan time: ≤ 1 second 
• Electron energy: 70 volts (nominal) 
 

11.3 Sample Analysis 
 

11.3.1 Allow the sample extracts to equilibrate to room temperature.  Aliquot 50 
μL of methylene chloride into an autosampler vial.  Add 50 μL of the 
sample extract and 2.5 μL of internal standard solution (800 ηg/μL).  
Close each vial with a crimp-top cap containing a Teflon® septa.  Transfer 
vials to the instrument’s autosampler for analysis.  All injections are made 
using the cold needle injection technique.  The injection volume is 2.0 µL 
and this will yield 40 ηg per 2 μL on column of each of the internal 
standards. 

 
11.3.2 Type the sample information into the autosampler sequence in HP 

ChemServer and start the analyses. All valid injections must be made 
within the 12-hour calibration period that begins at the moment of 
injection of the DFTPP.  The DFTPP and each injection thereafter must be 
recorded on the instrument run log (Attachment 3). 

 
11.4 Sample Processing 

 
 11.4.1 Process each sample by entering the sample preparation information from 

the extraction sheet into the corresponding field on the Target3 (Einstein) 
data system. 

  
  11.4.2 If any of the internal standards, surrogates, or spike compounds are 

missing or failing, check the peak integration in “Target Review”.  
Changes can be made in Target Review and EICPs can be generated.  Any 
compound for which manual peak integration has been performed will 
have an “M” flag displayed on the quantitation report.  These entries must 
be assigned a numerical code and the analyst’s initials and the date must 
appear on each quantitation report page containing an “M” flag. 

 
  11.4.3 The GC/MS analyst has the initial review responsibility.  The analyst 

must ensure that the internal standard, surrogate recovery, and spike 
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recovery acceptance criteria are met for each field and QC sample and that 
all target analyte concentrations are within the calibration range. 

   
 11.4.4 If internal standards do not meet acceptance criteria in section 9.0, the 

sample must be re-injected to confirm a matrix effect or discount a miss-
injection. 

  
 11.4.5 If surrogates do not meet acceptance criteria in section 9.0 and there are 

no problems with the surrogate or internal standard solutions, the sample 
must be scheduled for re-extraction and reanalysis.  Re-extraction is not 
needed, if the sample was used and the original for duplicate matrix spikes 
and those analyses produced similar surrogate recoveries. 

  
 11.4.6 If the on-column amount of any target analyte exceeds the initial 

calibration range, the extract must be diluted, internal standard added, and 
the sample re-injected. 

 
11.5. Target Compound Identification 

 
11.5.1 The mass spectrum of the sample compound and a laboratory library-

generated spectrum must match according to the following criteria. 
 
• All ions present in the library mass spectrum at a relative intensity 

>10% must be present in the sample spectrum. 
 

• The relative intensities of ions specified above must agree within ± 20% 
between the library and sample spectra. 

 
• Ions >10% in the sample spectrum but not present in the library 

spectrum must be considered and accounted for. 
 

11.5.2 If a compound analyzed by GC/MS techniques cannot be verified by all of 
the criteria listed above, but in the technical judgment of the mass spectral 
interpretation specialist the identification is correct, then the laboratory 
will report that identification. 

 
11.6 Tentatively Identified Compound (TIC) Identification  

 
11.6.1 TIC compounds are identified by comparing the mass spectra from the 

non-target compounds to mass spectra contained in the National Institute 
of Standards and Technology (NIST) Mass Spectral Library.  TIC 
compounds are quantified by comparing the MS response of the peak from 
the reconstructed ion chromatogram (RIC) to the MS response for a peak 
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produced by the nearest internal standard compound.  A response factor of 
1 is assumed. 

  
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the Quality Control SOP 13.4, “Numerical Data 
Reduction”. 

 
12.1 Calculation of the mean or average of a set of values: 

 

n

X
X

n

i
i∑

== 1  

 
where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  

 
12.2 Calculation of the standard deviation of a set of values: 

 

( )
1

deviation Standard 1

2

−

−
=
∑
=

n

XX
n

i
n

 

 
12.3 Calculation of percent recovery: 

 
12.3.1 LCS and surrogates: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  

 
12.3.2 Matrix spikes: 

 

100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%

 
12.4 Calculation of % RSD 

 
%RSD

X
= ⎛
⎝⎜

⎞
⎠⎟
×

Standard deviation   100  

 
12.5 Calculation of RPD 
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( )RPD  =  
Value  -  Value 

Value  +  Value 
x

1 2
1 2 2

100  

 
12.6 Calculation of %Difference (%D) 

100 x 
value Reference

value ReferenceValue%Diff −
=  

 
12.7 Relative Response Factor 

 

CxxisA
isCxAx

RRF
)(

)(
=  

where: Ax = Area of the characteristic ion (EICP) for the compound to be 
measured 

A(is) = Area of the characteristic ion (EICP) for the specific 
internal standard  

C(is) = Concentration of the internal standard (in μg/l) 
Cx = Concentration of the compound to be measured 

 
 12.8 Linear Calibration using Least Squares Regression 
 
  baxy +=  
   
  where:  y = Instrument response (peak area) 
    a = Slope of the line (coefficient of x) 
    x = Concentration of the calibration standard 
    b = The intercept 
 

12.9 Concentration 
 

12.9.1 Concentration of aqueous samples by GC/MS analysis 
 

))()()((
))()()((/

ViVoRRFAis
DfVtIsAxLg =μ  

 
where: Ax = area of the characteristic ion from the EICP for the 

compound to be measured 
Ais = area of the characteristic ion for the EICP for the internal 

standard 
Is = amount of internal standard injected (ηg) 

RRF = mean relative response factor from initial calibration 
standards 
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Vo = volume of water extracted (mL) 
Vi = volume of extract injected (μL) 
Vt = volume of the concentrated extract (μL) 
Df = dilution factor.  If no dilution, Df = 1.0 

 
12.9.2 Concentration of soil samples (dry weight basis) by GC/MS 

 

))()()()((
)0.2)()()()((/

DWsViRRFAis
DfVtIsAxkgg =μ  

 
where: Ax, Ais, Is, Vt, Vi, RRF , and Df are the same as given for water 

2.0 = GPC factor (if used) 
Ws = weight of sample extracted, in grams 
D (dry weight)= 100 - % moisture 

100 
12.9.3 Concentration of water and soil samples (dry weight basis) by GC/MS 

using quadratic (second order) fit in Target:  
 
 [ ] ( ) ( )[ ]2^21 RspmRspmbny ++=  
 
 where:  b = constant 

m1 = multiplier for the unsquared term 
m2 = multiplier for the squared term 
x = area of analyte/area of Internal Standard 
n = amount of Internal Standard 
y = amount in ng on column 

   Rsp = area of analyte/area of Internal Standard 
    

Example: Area of acenapthene = 35659 
   Area of IS = 613275 
   b = -0.0909161 
   m1 = 9.605304 
   m2 = 7.132688 
   ηg of IS = 250 
   response = 35659/613275 = 0.058145 
  

Amount in ηg on column =  
 

( )[ ] gxxg ηη 9.1222^058145.0132688.7058145.0605304.90909161.0250 =++−  
 

))((
))()((/)(

ViVo
VtDfyLgwaterionConcentrat =μ  
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))()((
))()()((/)(

DWsVi
VtUfDfyKggsoilionConcentrat =μ  

 
where: 

Uf = unit of correction for GPC, if used 
 
12.9.4 Concentration of soil samples (dry weight basis) by GC/MS using linear 

regression analysis:  
 

 baC
A
CA

s
is

iss
+=  

 
 

a

b
A
CA

C is

iss

s

⎥⎦
⎤

⎢⎣
⎡ −

=  

 
where:  As = Area of the target analyte peak in the sample 
  Ais = Area of the internal standard peak 
  Cs = Concentration of the target analyte on column 
  Cis = Concentration of the internal standard 
  a = Slope of the line (coefficient of Cs) 
  b = The intercept 
 

))((
))()((/(water) 

ViVo
VtDfCsLgionConcentrat =μ  

 

))()((
))()()((/(soil) 

DWsVi
VtUfDfCsKggionConcentrat =μ  

12.9.5 Concentration of TICs 
 

))()((1) (
))()(()(g/L (water) 

ViVoRFxISArea
VtDfStdAmountxTICAreaAmountTIC =μ  

 
 

))()()((1) (
))()()(()(g/Kg (soil) 

DWsViRFxISArea
VtUfDfStdAmountxTICAreaAmountTIC =μ  
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where: Area (TIC) = area response from RIC for non-target 
compound 

Amount (Std) = amount of internal standard added to the 
sample, in μg/L 

Area (IS) = area response of the nearest internal 
standard in the reconstructed ion 
chromatogram 

1(RF) = assumed response factor of 1 
 

12.10 Calculating Dilutions 
 
If a sample concentration exceeds the high level standard a dilution must be 
performed.  Determine a level of dilution that will result in a value within the 
upper half of the calibration range.  This is an acceptable dilution.  A 10x dilution 
is generally performed using 100 µL sample plus 900 µL diluent for a total 
volume of 1.0 mL.  It should be recorded on the run log as “10x.” 

 
12.11 Percent Breakdown of DDT in DFTPP Solution 

 

100
)(
)(

% x
areaspeakallofSummationDDEDDDDDT
areaspeakradationdegofSummationDDEDDD

DDT
++

+
=  

 
12.12 Tailing Factor for Benzidine and Pentachlorophenol 

 
12.12.1 See the diagram, Attachment 4. 

 
13.0 Method Performance 

This method was validated through in-house laboratory studies of method detection 
limits and precision and accuracy for single analyst.  The data are retained by the QA 
department. 

14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing.  See SOP 12.1, Hazardous Waste Disposal, 
regarding laboratory procedures for recycling solvent waste streams. 
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15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. See SOP 12.1, Hazardous 
Waste Disposal, regarding laboratory procedures for recycling solvent waste 
streams.  
 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 
 

16.0 References 
 

16.1 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods. SW-846, 
3rd Edition, Update 3, December, 1996, Method 8270C 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 
 

16.3 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 

 
16.4 Quality Control SOP 13.6, “Proper Documentation Procedures” 
 
16.5 Quality Control SOP 13.4, “Numerical Data Reduction” 

 
16.6 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.7 NELAC Standards, June 2003 
 
16.8 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 

Quality-Related Operations EPA/600/R-96/027, November 1995. 
 

16.9 CompuChem Quality Manual, Revision 7, Update 1, December 13, 2005, plus 
revisions 

16.10 Sample Control SOP 4.6, “Storing Samples” 
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16.11 Department of Defense Quality Systems Manual for Environmental Laboratories, 
Final Version 3, January 2006 

 
17.0 Attachments as Tables, Diagrams, Flowcharts   
 

17.1 Attachment 1 – Target Compounds, Corresponding Internal Standards, and 
Quantitation Ions  

 
17.2 Attachment 2 – Additional Appendix IX Analytes 

 
17.3 Attachment 3 – Semivolatile Instrument Run Log 

 
17.4 Attachment 4 - Peak Tailing Factor Demonstration 

 
17.5 Attachment 5 - In-house LCS Control Limits 

 
17.6 Attachment 6 – DoD-QSM LCS Control Limits 
 
17.8 Attachment 7 - Matrix Spike Relative Percent Differences 
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Attachment 1 
 

Target Compounds, Corresponding Internal Standards, and Quantitation Ions 
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Attachment 1 (continued) 
 

Target Compounds, Corresponding Internal Standards, and Quantitation Ions 
 

 
 
 



Section No. 2.5.2.7 
Revision No. 10 
Date:  November 9, 2006 
Page 28 of 42 

 

ORIGINAL              MASTER COPY             CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Attachment 1 (continued) 
 

Target Compounds, Corresponding Internal Standards, and Quantitation Ions 

 
$ Surrogate 
 
* Internal Standard 
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Attachment 2  
 

Appendix IX Compounds (Additional non-routine/project-specific analytes) 
 

Compounds Internal 
Standard 

Primary 
Quantitation Ions 

Secondary 
Quantitation Ions 

Ethylmethacrylate 1 69 99, 114 
2-Picoline 1 93 66, 92 
Nitrosomethylethylamine 1 88 42, 43 
Methyl methanesulfonate 1 79, 65 
n-Nitrosodiethylamine 1 102 56, 42 
Ethyl methanesulfonate 1 79 109, 97 
Aniline 1 93 66, 65 
Pentachloroethane 1 167 165, 117 
Benzyl alcohol 1 108 77, 79 
n-Nitrosopyrrolidine 1 100 41, 68 
n-Nitrosomorpholine 1 116 86, 56 
o-Toluidine hydrochloride 1 100 107, 89 
n-Nitrosopiperidine 1 114 55, 42 
Benzoic acid 2 122 105, 77 
O,o,o-Triethylphosphorothioate 2 198 170, 115 
2,6-Dichlorophenol 2 162 164, 126 
Hexachloroprene 2 213 215, 211 
n-Nitroso-di-n-butylamine 2 84 57, 41 
p-Phenylenediamine 3 108 80, 54 
Safrole 2 162 104, 77 
1-Methylnaphthalene 2 142 141, 115 
1,2,4,5-Tetrachlorobenzene 3 216 218, 214 
Isosafrole 3 162 104, 131 
1,4-Naphthoquinone 3 158 102, 130 
1,3-Dinitrobenzene 3 168 122, 75 
Pentachlorobenzene 3 250 252, 215 
1-Naphthylamine 3 143 115, 89 
2,3,4,6-Tetrachlorophenol 3 232 234, 166 
2-Naphthylamine 3 143 115, 116 
Zinophos 3 97 143, 107 
5-Nitro-o-toluidine 3 152 106, 77 
Diphenylamine 4 169 168, 167 
1,2-Diphenylhydrazine 3 77 182, 105 
Sulfotepp 3 322 202 
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Attachment 2 (continued) 
 

Appendix IX Compounds (Additional non-routine/project-specific analytes) 
 

Compounds Internal 
Standard 

Primary 
Quantitation Ions 

Secondary 
Quantitation Ions 

1,3,5-Trinitrobenzene 4 75 213, 120 
Diallate (trans isomer) 4 86 234, 43 
Phorate 4 75 121, 97 
Phenacetin 4 108 109, 179 
Diallate (cis isomer) 4 86 234, 43 
Dimethoate 4 87 125, 93 
4-Aminobiphenyl 4 169 168, 170 
Pentachloronitrobenzene 4 237 295, 142 
Pronamide 4 173 175, 145 
Disulfoton 4 88 97, 89 
Methyl parathion 4 109 125, 263 
Parathion 4 109 97, 291 
4-Nitroquinoline-1-oxide 4 190 128, 75 
Methapyrilene 4 97 191, 71 
Isodrin 4 193 195, 263 
p-Dimethylaminoazobenzene 5 225 120, 77 
Chlorobenzilate 5 251 139, 253 
Famfur 5 218 93, 125 
3,3’-Dimethylbenzidine 5 212 106, 180 
2-Acetylaminofluorene 5 181 180, 223 
7,12-Dimethylbenz(a)anthracene 6 256 239, 241 
3-Methylcholanthrene 6 268 252, 126 
1,3,5-Trinitrobenzene 4 75 213, 120 
Diallate (trans isomer) 4 86 234, 43 
Phorate 4 75 121, 97 
Phenacetin 4 108 109, 179 
Diallate (cis isomer) 4 86 234, 43 
Dimethoate 4 87 125, 93 
4-Aminobiphenyl 4 169 168, 170 
Pentachloronitrobenzene 4 237 295, 142 
Pronamide 4 173 175, 145 
Disulfoton 4 88 97, 89 
Methyl parathion 4 109 125, 263 
Parathion 4 109 97, 291 
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Attachment 3 
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Attachment 4 
 
 

 
 
 
 
 
 
 
 
 
 
 

Attachment 5 
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In-House LCS Recovery Limits  

 

Semivolatile Compound Soil 
(% Recovery) 

Marginal 
Exceedance 

(% Recovery) 
N-Nitrosodiphenylamine 20-118 10-135 
Pyridine 20-100 10-160 
Benzaldehyde 20-100 10-160 
Phenol 38-112 26-123 
bis (2-Chloroethyl)ether 30-112 16-125 
2-Chlorophenol 30-100 10-160 
1,3-Dichlorobenzene 21-104 10-118 
1,4-Dichlorobenzene 21-104 10-118 
Benzyl alcohol 40-107 29-118 
1,2-Dichlorobenzene 24-108 10-122 
2-Methylphenol 42-110 30-121 
2,2’-Oxybis (1-chloropropane) 24-107 10-121 
Acetophenone 32-105 20-117 
3/4-Methylphenol 38-114 26-127 
n-Nitroso-di-n-propylamine 23-130 10-147 
Hexachloroethane 20-105 10-120 
Nitrobenzene 20-135 10-156 
Isophorone 39-114 27-126 
2-Nitrophenol 33-119 19-133 
2,4-Dimethylphenol 43-117 31-130 
bis (2-Chloroethoxy)methane 39-107 24-118 
2,4-Dichlorophenol 42-119 29-132 
1,2,4-Trichlorobenzene 32-112 19-126 
Naphthalene 38-118 24-132 
4-Chloroaniline 26-129 10-146 
Hexachlorobutadiene 31-118 16-132 
Caprolactam 45-122 32-134 
4-Chloro-3-methylphenol 46-120 34-132 
2-Methylnaphthalene 39-111 27-123 
1-Methylnaphthalene 39-112 27-124 
Hexachlorocyclopentadiene 20-134 10-160 
2,4,6-Trichlorophenol 46-127 33-141 
2,4,5-Trichlorophenol 52-122 40-134 
1,1’-Biphenyl 42-116 30-126 
2-Chloronaphthalene 11-112 33-123 
2-Nitroaniline 50-109 40-118 

 
Attachment 5 (continued) 
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In-House LCS Recovery Limits  

 

Semivolatile Compound Soil 
(% Recovery) 

Marginal 
Exceedance 

(% Recovery) 
Dimethylphthalate 50-120 39-132 
2,6-Dinitrotoluene 47-119 35-131 
Acenaphthylene 50-125 38-137 
3-Nitroaniline 43-100 34-160 
Acenaphthene 50-126 37-138 
2,4-Dinitrophenol 20-121 10-140 
4-Nitrophenol 26-145 10-160 
2,4-Dinitrotoluene 50-125 37-137 
Dibenzofuran 47-116 36-127 
Diethylphthalate 51-123 39-135 
4-Chlorophenyl-phenylether 52-123 40-135 
Fluorene 52-128 40-141 
4-Nitroaniline 42-100 32-160 
4,6-Dinitro-2-methylphenol 32-127 16-143 
n-Nitrosodiphenylamine 46-125 33-125 
1,2-Diphenylhydrazine 48-110 38-110 
4-Bromophenyl-phenylether 53-122 42-134 
Hexachlorobenzene 49-126 36-139 
Atrazine 22-100 10-160 
Pentachlorophenol 35-132 19-148 
Phenanthrene 51-129 38-143 
Carbazole 45-135 30-150 
Anthracene 53-136 40-149 
di-n-Butylphthalate 49-121 37-133 
Fluoranthene 56-134 43-147 
Benzidine 20-150 10-160 
Pyrene 48-136 34-151 
Butylbenzylphthalate 42-137 36-153 

 
 
 
 
 
 

Attachment 5 (continued) 
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In-House LCS Recovery Limits  
 

Semivolatile Compound Soil 
(% Recovery) 

Marginal 
Exceedance 

(% Recovery) 
3,3’-Dichlorobenzidine 21-100 10-160 
Bis (2-Ethylhexyl) phthalate 37-133 21-149 
Benzo(a)anthracene 57-134 44-147 
Chrysene 53-135 39-148 
Di-n-Octylphthalate 43-138 26-154 
Benzo(b)fluoranthene 48-130 35-143 
Benzo(k)fluoranthene 61-141 47-155 
Benzo(a)pyrene 60-131 48-142 
Indeno(1,2,3-cd)pyrene 47-137 32-152 
Dibenz(a,h)anthracene 51-127 38-139 
Benzo(g,h,i)perylene 43-129 29-142 

 
 

Note: LCS recovery limits are based on in-house performance statistics.  A subset of 
analytes may be reported, depending on project requirements.  While the limits 
were statistically derived, from actual laboratory data, it is expected that a 
minimum of 40% recovery is achieved for the vast majority of analytes. 
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Attachment 5 (continued) 
 

Semivolatile Compound Aqueous 
(% Recovery) 

Marginal 
Exceedance 

(% Recovery) 
N-Nitrosodiphenylamine 20-100 10-120 
Pyridine 20-100 10-120 
Benzaldehyde 20-100 10-117 
Phenol 20-100 10-120 
bis (2-Chloroethyl)ether 31-100 20-120 
2-Chlorophenol 23-100 15-120 
1,3-Dichlorobenzene 24-100 13-120 
1,4-Dichlorobenzene 25-100 15-120 
Benzyl alcohol 29-100 19-120 
1,2-Dichlorobenzene 27-100 16-101 
2-Methylphenol 25-100 13-120 
2,2’-Oxybis (1-chloropropane) 24-100 13-120 
Acetophenone 39-100 29-105 
3/4-Methylphenol 24-100 15-120 
N-Nitroso-di-n-propylamine 34-101 23-112 
Hexachloroethane 28-100 18-120 
Nitrobenzene 20-131 10-150 
Isophorone 43-105 32-115 
2-Nitrophenol 39-103 28-113 
2,4-Dimethylphenol 19-109 10-120 
bis (2-Chloroethoxy)methane 35-110 25-106 
2,4-Dichlorophenol 39-103 28-113 
1,2,4-Trichlorobenzene 36-101 25-111 
Naphthalene 40-104 29-114 
4-Chloroaniline 25-115 10-130 
Hexachlorobutadiene 29-103 17-115 
Caprolactam 20-100 10-120 
4-Chloro-3-methylphenol 41-103 30-113 
2-Methylnaphthalene 40-100 30-110 
1-Methylnaphthalene 39-100 29-109 
Hexachlorocyclopentadiene 20-123 10-143 
2,4,6-Trichlorophenol 46-113 35-124 
2,4,5-Trichlorophenol 41-119 29-132 
1,1’-Biphenyl 49-109 36-119 
2-Chloronaphthalene 46-105 36-115 
2-Nitroaniline 34-107 22-119 
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Attachment 5 (continued) 
 

Semivolatile Compound Aqueous 
(% Recovery) 

Marginal 
Exceedance 

(% Recovery) 
Dimethylphthalate 53-116 43-127 
2,6-Dinitrotoluene 51-115 40-126 
Acenaphthylene 50-115 39-126 
3-Nitroaniline 20-110 10-125 
Acenaphthene 53-118 43-128 
2,4-Dinitrophenol 20-102 10-118 
4-Nitrophenol 10-100 10-120 
2,4-Dinitrotoluene 52-119 41-131 
Dibenzofuran 50-107 41-129 
Diethylphthalate 52-118 45-111 
4-Chlorophenyl-phenylether 51-117 40-128 
Fluorene 53-121 41-132 
4-Nitroaniline 20-110 10-129 
4,6-Dinitro-2-methylphenol 38-116 25-129 
N-Nitrosodiphenylamine 52-117 41-127 
1,2-Diphenylhydrazine 38-105 27-117 
4-Bromophenyl-phenylether 51-115 41-125 
Hexachlorobenzene 52-116 41-126 
Atrazine 20-100 10-120 
Pentachlorophenol 20-100 10-150 
Phenanthrene 56-121 45-131 
Carbazole 39-115 27-127 
Anthracene 55-127 43-139 
Di-n-butylphthalate 51-114 41-124 
Fluoranthene 58-124 47-134 
Benzidine 20-150 10-160 
Pyrene 48-131 34-145 
Butylbenzylphthalate 41-118 28-131 
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Attachment 5 (Continued) 
 

Semivolatile Compound Aqueous 
(% Recovery) 

Marginal 
Exceedance 

(% Recovery) 
3,3’-Dichlorobenzidine 20-100 10-120 
Bis (2-Ethylhexyl) phthalate 47-121 35-133 
Benzo(a)anthracene 53-128 41-140 
Chrysene 50-130 36-143 
Di-n-octylphthalate 30-148 10-160 
Benzo(b)fluoranthene 41-130 26-145 
Benzo(k)fluoranthene 39-150 19-160 
Benzo(a)pyrene 46-135 31-150 
Indeno(1,2,3-cd)pyrene 47-138 32-154 
Dibenz(a,h)anthracene 47-134 32-148 
Benzo(g,h,i)perylene 42-132 27-147 
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Attachment 6  
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Attachment 6 (continued) 
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Attachment 7 
 

Matrix Spike Relative Percent Differences 
Semivolatile Compound Aqueous Solid 

N-Nitrosodiphenylamine 50 50 
Pyridine 50 50 
Benzaldehyde 50 42 
Phenol 46 39 
bis (2-Chloroethyl)ether 46 39 
2-Chlorophenol 42 37 
1,3-Dichlorobenzene 50 47 
1,4-Dichlorobenzene 50 46 
Benzyl alcohol 41 36 
1,2-Dichlorobenzene 50 42 
2-Methylphenol 50 32 
2,2’-Oxybis (1-chloropropane) 48 40 
Acetophenone 47 41 
3/4-Methylphenol 50 40 
N-Nitroso-di-n-propylamine 50 42 
Hexachloroethane 50 43 
Nitrobenzene 44 37 
Isophorone 50 40 
2-Nitrophenol 47 39 
2,4-Dimethylphenol 50 31 
2,4-Dinitrophenol 50 46 
4-Nitrophenol 50 35 
2,4-Dinitrotoluene 44 34 
Dibenzofuran 45 33 
Diethylphthalate 45 31 
4-Chlorophenyl-phenylether 47 33 
Fluorene 49 32 
4-Nitroaniline 50 42 
4,6-Dinitro-2-methylphenol 50 38 
N-Nitrosodiphenylamine 50 31 
1,2-Diphenylhyhydrazine 50 28 
4-Bromophenyl-phenylether 47 37 
Hexachlorobenzene 42 32 
Atrazine 50 31 
Pentachlorophenol 50 48 
Phenanthrene 50 33 
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Attachment 7 (continued) 
 

Matrix Spike Relative Percent Differences 

Semivolatile Compound Aqueous Solid 

Anthracene 50 31 
Carbazole 50 32 
Di-n-butylphthalate 40 29 
Fluoranthene 50 36 
Benzidine 50 50 
Pyrene 50 31 
Butyl benzylphthalate 48 27 
3,3’-Dichlorobenzidine 50 50 
Bis (2-ethylhexyl)phthalate 49 44 
Benzo(a)anthracene 50 35 
Chrysene 50 35 
Di-n-octylphthalate 50 33 
Benzo(b)fluoranthene 50 39 
Benzo(k)fluoranthene 50 40 
Benzo(a)pyrene 50 29 
Indeno(1,2,3-cd)pyrene 50 29 
Dibenzo(a,h)anthracene 50 31 
Benzo(g,h,i)perylene 50 31 

 
  
 
 





Section No. 2.6.1 
Revision No. 9 
Date:  July 11, 2006 
Page 1 of 22 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Sample Preparation Procedure -940: Gel Permeation Chromatography (GPC) Cleanup of Soil 
and Water Extracts for GC/ECD Analysis of 
Pesticides/PCBs by EPA CLP 

 
 
 
 

Table of Contents 
 
 

SECTION PAGE 
NO. 

Section 1.0 – Scope and Application 2 
Section 2.0 – Summary of Method 2 
Section 3.0 – Definitions 2-3 
Section 4.0 – Interferences 4 
Section 5.0 – Safety 4 
Section 6.0 – Equipment and Supplies 4-5 
Section 7.0 – Reagents & Standards 5-7 
Section 8.0 - Sample Collection, Preservation, & Storage 7 
Section 9.0 – Quality Control 7 
Section 10.0 – Calibration & Standardization 7-10 
Section 11.0 – Procedure 10-15 
Section 12.0 – Data Analysis & Calculations 15 
Section 13.0 – Method Performance 15 
Section 14.0 – Pollution Prevention 16 
Section 15.0 – Waste Management 16 
Section 16.0 – References 16-17 
Section 17.0 – Attachments as Tables, Diagrams, Flowcharts & Validation Data 18 
Attachment 1 19 
Attachment 2 20 
Attachment 3 21 
Attachment 4 22 
 



Section No. 2.6.1 
Revision No. 9 
Date:  July 11, 2006 
Page 2 of 22 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Sample Preparation Procedure -940: Gel Permeation Chromatography (GPC) Cleanup of Soil 
and Water Extracts for GC/ECD Analysis of 
Pesticides/PCBs by EPA CLP 

 
1.0 Scope and Application 
 

GPC is a size exclusion technique that may be used to remove high molecular weight 
compounds from sample extracts.  The removal of such compounds from sample extracts 
is desirable because they may contaminate injection ports, cause interferences, and 
accelerate column degradation. 

 
GPC cleanup is required for all pesticide/PCB soil sample extracts under the OLM04.3 
SOW and must be performed on all water sample extracts that contain higher molecular 
weight contaminants that interfere with the analysis of target compounds.  It is a 
mandatory clean-up technique for pesticide extracts under the SOM01.1 SOW and is an 
optional clean-up technique for Aroclor extracts under that SOW, optional depending on 
the client submitting the samples. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

Sample extracts are prepared in methylene chloride, filtered, and then injected into a 
GPC unit.  A single fraction is collected for each extract.  The collection time interval is 
determined by a calibration standard.  All eluant before and after the collection time is 
diverted to waste.  This cleanup procedure collects all analytes of interest and removes 
high molecular weight compounds which may adversely affect column performance and 
longevity. 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 
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3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 
calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration. 

 
If the low level standard concentration is not at least three times higher than the 
MDL value, the standard concentration is adjusted upward in order to achieve this 
minimal ratio.  It may be adjusted higher than three times depending on the 
concentration range of the calibration curve and the ability to meet method 
linearity requirements.  An exception to this is for CLP methods where the MDL 
is only required to be lower than the reporting limit. 

 
For CLP the reporting limit is the Contract Required Quantitation Limit (CRQL) 
for organics. 

 
3.3 Reporting Units – μg/L for water, μg/kg for soil 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
3.5 SOP – Standard Operating Procedure 

 
3.6 CLP SOW – Contract Laboratory Program Statement of Work 

 
3.7 Resolution – As defined in the CLP SOW, resolution (also termed separation or 

percent resolution) is the separation between peaks on a chromatogram, 
calculated by dividing the depth of the valley between the peaks by the peak 
height of the smaller peak being resolved, multiplied by 100.  The Glossary of 
Terms, Exhibit G-6, of the CLP SOW contains a diagram of peak resolution. 

 
4.0 Interferences 
 

4.1 Method interferences may be caused by contaminants in solvents, reagents, 
glassware, and other sample processing hardware that lead to discrete artifacts 
and/or elevated baselines in the total ion current profiles.  All of these materials 
routinely must be demonstrated to be free from interferences under the conditions 
of the analysis by running laboratory reagent blanks. 
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4.2 Interferences may also be caused by carry-over from bis(2-ethylhexyl)phthalate 
and methoxychlor in the GPC calibration standard. Rigorous cleanup of the GPC 
instrument after each batch of samples is processed is performed by the GPC 
chemists. Any or all of the following steps can be taken to eliminate problems:   
back flushing the 24-position wafer valves inside the GPC unit; flushing the 23 
uptake lines and solvent elution lines by running methylene chloride blanks at 
each of the 23 positions; and other maintenance as needed, including changing 
packing new GPC columns. 

 
5.0 Safety 
 

Appropriate protective equipment and clothing must be used under the assumption that 
all samples are potentially hazardous.  During sample preparation, glasses, gloves and lab 
coats are a minimum requirement.  The persistent presence of noxious odors may be 
indicative of failure of the laboratory ventilation system and must be reported to a 
supervisor or manager. 

 
Laboratory staff are required to review the Chemical Hygiene Plan for general safety 
policies, and Material Safety Data Sheets (MSDS) for solvents and reagents used in the 
laboratory.  The MSDS are located in the Quality Assurance department. 

 
6.0 Equipment & Supplies 
 

6.1 GPC cleanup device – GPC Autoprep Model 1002A or 1002B (Analytical 
Biochemical Laboratories, Inc., or equivalent).  The system must meet the 
calibration requirements stated in Section 10.0 of this SOP.  The system consists 
of the following components. 

 
6.1.1 Chromatographic column – 700 mm X 25 mm I.D glass column. 

 
6.1.1.1 The flow through the column is upward. 

 
6.1.2 Bio Beads (SX-3) – 200 - 400 mesh, 70 g (Bio-Rad Laboratories, 

Richmond, CA, catalog 152-2750 or equivalent). 
 

6.1.2.1 An additional 5 g of Bio Beads is required if the optional guard 
column is employed.  The quality of the Bio Beads may vary from 
lot to lot because of excessive fines in some lots. In addition to 
fines having a detrimental effect on chromatography, they also 
can pass through the column screens and damage the 24-position 
wafer valve. 
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6.1.3 Ultraviolet detector – fixed wavelength at 254 nm with semi-prep flow-
through cell, Linear, Model 0106-0000. 

 
6.1.4 Strip-chart recorder,  Instruments Corp., Linear 1100 

 
6.1.5 Syringe – 10 mL with Luerlok fitting, Hamilton gas-tight syringe or 

equivalent. 
 

6.1.6 Syringe filter assembly – disposable, Gelman Sciences Acrodisc CR 
PTFE, Product No. 4219, 25 mm, 0.45 µm syringe filters, or equivalent 

 
6.1.6.1 Rinse each syringe filter with a minimum of 25 mL of methylene 

chloride prior to use. 
 
7.0 Reagents 
 

All standards are prepared in the Organic Standards Laboratory.  Details for the 
preparation are contained in the standard operating procedures (SOP) for that area.  
Standards are stored separately from samples at 2-4.4o C in the laboratory when not in 
use. 

 
7.1 Reagent Water-All water used in this procedure must be reagent-grade Type I 

with regard to resistivity of > 10 megohm-cm (19th and 20th Editions of Standard 
Methods, Method 1080), and is demonstrated to meet the blank criteria contained 
in this Standard Operating Procedure (SOP).  It is referred throughout this SOP as 
DI water.   

 
7.2 Solvents - pesticide grade or equivalent 

 
7.2.1 Methylene chloride, pesticide grade 

 
7.2.2 Butyl chloride, pesticide grade 

 
7.3 Calibration Standards 

 
7.3.1 The GPC calibration solution in methylene chloride contains the following 

analytes (in elution order): 
 

Compound Concentration 
(mg/mL) 

Corn oil 25.0 
Bis(2-
ethylhexyl)phthalate 

0.50 
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Compound Concentration 
(mg/mL) 

Methoxychlor 0.10 
Perylene 0.020 
Sulfur 0.080 

 
7.3.1.1 Store the calibration solution in an amber glass bottle with a 

Teflon®-lined screw cap at 4° ± 2° C, and protect it from light. 
Refrigeration may cause the corn oil to precipitate.  Therefore, 
before use, allow the calibration solution to stand at room 
temperature until the corn oil dissolves.  Replace the calibration 
standard solution every 6 months, or more frequently, if the 
standard is shown to have degraded or concentrated. 

 
7.3.2 When injected onto a 5 mL GPC injection loop, the single component 

compounds are present at the concentrations shown in the following 
table (for the two SOW documents). 

 

Compound 

OLM04.3 SOW 

Concentration 
(μg/mL) 

SOM01.1 SOW 

Concentration 
(μg/mL) 

gamma-BHC (lindane) 0.10 0.02 
Heptachlor 0.10 0.02 
Aldrin 0.10 0.02 
4,4′-DDT 0.20 0.04 
Endrin 0.20 0.04 
Dieldrin 0.20 0.04 

 
7.3.2.1 The solution for the OLM04.3 SOW is prepared by taking 4 mL 

of standard #4033 and diluting it to 10 mL.  Standard #4033 
contains lindane, heptachlor, and aldrin at 0.25 μg/mL and 4,4′-
DDT, endrin, and dieldrin at 0.5 μg/mL.  For the SOM01.1 
SOW, 800 µL of standard #4033 is taken and diluted to 10 mL.  
(The standard is purchased from Restek as an ampulated certified 
solution.) 

 
7.3.2.2 The Aroclor mixture contains 2 μg/mL each of Aroclor 1016 and 

1260. 
 

Note: The Aroclor mixture is used only for the OLM04.3 SOW. 
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7.3.2.3 The GPC calibration verification solution is stored in amber 
glass bottles with Teflon®-lined screw cap at 4°C (± 2°C).  
Replace the solution after six months or sooner if 
degradation/evaporation occur. 

 
8.0 Sample Preservation and Storage 
 

Samples are preserved and stored according to the tables in Sample Control SOP 4.1, 
“Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are also listed. 

 
9.0 Quality Control 
 

9.1 A GPC reagent blank is generated weekly after the GPC calibration. 
 

9.1.1 The blank must not contain any target analytes above the CRQL. 
 
 9.2 All associated QC samples must also undergo this cleanup procedure. 
 
10.0 Calibration & Standardization 
 

10.1 Calibration of the GPC Column 
 

10.1.1 Verify the flow rate by collecting the column eluate for 10 minutes in a 
graduated cylinder.  Measure the volume, which should be between 45 - 
55 mL (4.5 - 5.5 mL/minute).  Once the flow rate is within the range of 
4.5-5.5 mL/minute, record the room temperature and the column pressure, 
which should be between 6 and 10 psi. 

 
Changes in pressure, solvent flow rate, and temperature conditions can 
affect analyte retention times and must be monitored.  If the flow rate 
and/or column pressure do not fall within the above ranges, a new column 
should be prepared.  A UV trace that does not meet the criteria below 
would also indicate that a new column should be prepared.  It may be 
necessary to obtain a new lot of Bio Beads, if the column fails all the 
criteria. 

 
10.1.1.1 Flow rate may have to be decreased on the high-pressure 

column.  The normal pressure when using this column is 
approximately 200 psi. 

 
10.1.2 Using a 10 mL syringe, load sample loop #1 with the GPC calibration 

solution.  Record the lot number of the GPC calibration solution used on 
the GPC Weekly Calibration Log (Attachment 1).  With the ABC 
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automated system, the 5 mL sample loop requires a minimum of 8 mL of 
the GPC calibration solution.  Switch the outlet line from the GPC column 
to the UV detector inlet line. 

 
NOTE: A 2 mL injection loop may be used instead of the 5 mL loop.  If 

used, the manufacturer’s instructions should be followed. 
 

10.1.3 Start the run on the ABC GPC system with a 60-minute dump time 
programmed in, and obtain a UV trace showing discrete peaks for each of 
the components.  Adjust the detector and/or recorder sensitivity to produce 
a UV trace that meets the requirements stated below.  Differences between 
manufacturer's cell volumes and detector sensitivities may require a 
dilution of the GPC calibration solution to achieve similar results.  An 
analytical flow-through detector cell will require a much less concentrated 
solution than the semi-prep cell and, therefore, the analytical cell is NOT 
acceptable for use. 

 
10.1.3.1 UV Trace Acceptance Criteria 

 
• Peaks must be observed and should be symmetrical for all 

compounds in the calibration solution. 
 
• Corn oil and phthalate peaks must exhibit >85% resolution. 
 
• Phthalate and methoxychlor peaks must exhibit >85% 

resolution. 
 
• Methoxychlor and perylene peaks must exhibit >85% 

resolution. 
 
• Perylene and sulfur peaks must not be saturated and must 

exhibit >90% baseline resolution. 
 

10.1.4 Determine the elution times for the phthalate, methoxychlor, and perylene 
peaks.  Phthalate will elute first, perylene last.  Choose a "DUMP" time 
which removes > 85% of the phthalate.  Choose a "COLLECT" time that 
will allow > 95% of the methoxychlor to be collected, and continue to 
collect until just prior to the elution of sulfur.  Use a wash time of 10 
minutes; use a wash time of 6 minutes on the high pressure column. 

 
10.1.4.1 The retention times for bis(2-ethylhexyl)phthalate and perylene 

must not vary more than ± 5.0% between calibrations.  If the 
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retention time shift is >5.0%, take corrective action related to the 
potential causes shown below. 

 
10.1.4.2 Excessive retention time shifts are caused by the following: 

 
• poor laboratory temperature control or system leaks 

 
• an unstabilized column that requires pumping methylene 

chloride through it for several more hours or overnight 
 

• excessive laboratory temperatures causing outgassing of the 
methylene chloride 

 
10.1.5 Failure to meet the UV Trace and retention time acceptance criteria 

results in one of the following corrective actions. 
 

10.1.5.1 The column is cleaned by processing several 5 mL volumes of 
butyl chloride throughout the system.  Butyl chloride removes 
discoloration and particles that may have precipitated out of 
the methylene chloride extracts. 

 
Note: Backflushing with 2 mL aliquots of toluene is an 

acceptable substitute. 
 

10.1.5.2 If a guard column is being used, replace it with a new one.  
This may correct the problem. 

 
10.1.5.3 If column maintenance does not restore the performance of the 

column, the column must be repacked with new packing, or 
replaced, and recalibrated. 

 
10.1.5.4 Record any corrective action taken for the GPC units, 

including the GPC columns, on the GPC Run/Maintenance 
Log. 

 
10.1.6 Preparation of the GPC Blank 

 
10.1.6.1 A GPC blank is generated weekly with the GPC calibration. 
 
10.1.6.2 The GPC blank is processed by loading 5 mL of methylene 

chloride into a sample loop, processing it through the GPC 
unit, collecting it, exchanging it into hexane, and 
concentrating it to 5.0 mL final volume.  Record all information, 
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including the manufacturer and lot number of the methylene 
chloride used, on the Pest/PCB Weekly GPC Calibration Check 
worksheet (Attachment 2).  Set the collect and dump times as 
calculated from the UV trace. 

 
10.1.6.1 Concentrate the collected GPC eluate using a Kuderna-Danish 

(K-D) evaporative flask, three-ball macro Snyder column, and 
10.0 mL graduated concentrator tube, to a final volume of 0.5 
mL and submit to GC for analysis following Instrument 
Procedure 181, “GC/ECD Analysis of Pesticides/PCBs in 
Aqueous and Solid Samples in the EPA CLP and NYSASP”. 

 
10.2.7 GPC Calibration Verification 

 
10.2.7.1 Every seven calendar days the GPC system must be checked 

using the calibration verification solutions described in Section 
7.0 above.  The GPC calibration verification must be performed 
immediately following the GPC calibration.  Separate 5 mL 
loops are loaded with these two solutions by using a 10 mL 
syringe containing 8 mL of each solution. 

 
10.2.7.2 These calibration solutions are run through the system and 

collected using the time sequences established by the calibration 
procedures.  The separate fractions are exchanged to hexane, and 
adjusted to a final volume of 10 mL.  They are then submitted to 
the GC lab for analysis.  The lot numbers of the GPC calibration 
verification (#4033), and the Aroclor 1016/1260 mixture (for 
OLM04.3 only) must be recorded on the Pest/PCB Weekly GPC 
Calibration Check worksheet. 

 
10.2.7.3 The pattern of the Aroclor peaks (for OLM04.3 only) and 

analyte recovery must be determined for evaluation and reporting 
purposes. 

 
• Analyte recovery must be within 80 -  120% of target 

 
• The Aroclor elution pattern (for OLM04.3 only) must be the 

same as with previously run standards. 
 
11.0 Procedure 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures.  A copy of the UV trace of the calibration solution must be submitted along 
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with the completed appropriate Extraction Worksheet (Attachment 3 shows Procedure –
726 worksheet).  Samples are extracted prior to GPC cleanup following one of the 
Sample Preparation Procedures listed in the References, Section 16.0, of this SOP. 

 
Note: It is very important to have consistent laboratory temperatures during an entire 

GPC run, which could be 24 hours or more.  If temperatures are not consistent, 
retention times will shift, and the dump and collect times determined by the 
calibration standard will no longer be appropriate.  The ideal laboratory 
temperature to prevent outgassing of the methylene chloride is 24° C. 

 
11.1 Column Preparation 

 
11.1.1 Weigh out 70 g of Bio Beads (SX-3) in a 500 mL beaker and add 

approximately 300 mL of methylene chloride.  Swirl the container to 
ensure wetting of all beads.  Allow the beads to swell for a minimum of 
2 hours.  Maintain enough solvent to cover the beads sufficiently at all 
times.  If a guard column is to be used, repeat the above steps with 5 g of 
Bio Beads in a 125 mL bottle or beaker, using 25 mL of methylene 
chloride. 

 
11.1.2 Turn the column upside down from its normal position, and remove the 

inlet bed support plunger (the inlet plunger is longer than the outlet 
plunger). Position and tighten the outlet bed support plunger as near the 
end as possible, but no closer than 5 cm (measured from the gel packing 
to the collar). 

 
11.1.3 Raise the end of the outlet tube to keep the solvent in the GPC column.  

Place a small amount of solvent in the column to minimize the formation 
of air bubbles at the base of poured column packing. 

 
11.1.4 Swirl the bead/solvent slurry to get a homogeneous mixture and, if the 

wetting was done in a quart bottle, quickly transfer it to a 500 mL 
separatory funnel with a large bore stopcock.  Drain the excess 
methylene chloride directly into the waste beaker, and then start draining 
the slurry into the column by placing the separatory funnel tip against 
the column wall.  This will help to minimize bubble formation.  Swirl 
occasionally to keep the slurry homogeneous.  Drain enough to fill the 
column.  Place the tubing from the column outlet into a waste beaker 
below the column, and allow the excess solvent to drain.  Raise the tube 
to stop the flow when the top of the gel begins to look dry.  Add 
additional methylene chloride to just rewet the gel. 
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11.1.5 Wipe any remaining beads and solvent from the inner walls of the top of 
the column with a laboratory tissue.  Loosen the seal slightly on the 
other plunger assembly (long plunger) and insert it into the column.  
Make the seal just tight enough so that any beads on the glass surface 
will be pushed forward, but loose enough so that the plunger can be 
pushed forward. 

 
CAUTION: Do not tighten the seal if beads are between the seal and the 

glass surface because this can damage the seal and cause 
leakage. 

 
11.1.6 Compress the column as much as possible without applying excessive 

force.  Loosen the seal and gradually pull out the plunger.  Rinse and 
wipe off the plunger.  Slurry any remaining beads and transfer them into 
the column. 

 
Repeat step 11.1.5 and reinsert the plunger.  If the plunger cannot be 
inserted and pushed in without allowing beads to escape around the seal, 
continue compression of the beads without tightening the seal, and 
loosen and remove the plunger as described.  Repeat this procedure until 
the plunger is inserted successfully. 

 
11.1.7 Push the plunger until it meets the gel; then, compress the column bed 

about four centimeters. 
 

11.1.8 Pack the optional 5-cm guard column with approximately 5 g of pre-
swelled beads (different guard columns may require different amounts).  
Connect the guard column to the inlet of the analytical column. 

 
11.1.9 Connect the column inlet to the solvent reservoir (the reservoir should 

be placed higher than the top of the column) and place the column outlet 
tube in a waste container.  Placing a restrictor in the outlet tube will 
force air out of the column more quickly.  A restrictor can be made from 
a piece of capillary stainless steel tubing of 1/16" OD x 10/1000" ID x 
2".  Pump methylene chloride through the column at a rate of 5 
mL/minute for 1 hour. 

 
11.1.10 After washing the column for at least 1 hour, connect the column outlet 

tube to the inlet side of the UV detector.  A restrictor (of the same size 
as described in 11.1.9) in the outlet tube from the UV detector will 
prevent bubble formation, which causes a noisy UV baseline.  The 
restrictor will not affect flow rate.  After pumping methylene chloride 
through the column for an additional 1 - 2 hours, adjust the inlet bed 
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support plunger until approximately 6 - 10 psi backpressure is achieved.  
Push the plunger in to increase pressure or slowly pull outward to reduce 
pressure. 

 
11.1.11 When the GPC column is not to be used for several days, connect the 

column outlet line to the column inlet to prevent column drying and/or 
channeling.  If channeling occurs, the gel must be removed from the 
column, re-swelled, and re-poured as described above.  If drying occurs, 
methylene chloride should be pumped through the column until the 
observed column pressure is constant and the column appears wet. 
Always recalibrate after column drying has occurred to verify that 
retention volumes have not changed. 

 
11.1.12 An alternative column would be a pre-packed high pressure stainless 

steel column and guard column.  Typical pressure on this column would 
be approximately 200 psi. 

 
11.2 The system is now ready for calibration.  See Section 10.0 above for the 

procedure and further details of calibration. 
 

11.2.1 Calibrate the GPC upon contract award and then at least once per week.  A 
calibration verification standard must also be run at least once per seven 
days, immediately following the GPC calibration.  The UV trace must 
meet requirements and the retention times of the calibration compounds 
must be within 5.0% of their retention times in the previous calibration. 

 
11.3 Sample Extract Cleanup 

 
11.3.1 The 10 mL extract is delivered to the GPC station.  The GPC chemist 

aliquots 4.0 mL, dilutes to 10 mL with methylene chloride and uses that 
for GPC processing. 

 
In order to prevent overloading of the GPC column, highly viscous sample 
extracts must be diluted prior to cleanup.  Any sample extract with a 
viscosity greater than that of a 1:1 glycerol: water solution must be diluted 
and loaded into several positions.  Similarly, extracts containing more than 
40 mg/mL of nonvolatile residue must be diluted and loaded onto several 
positions.  The nonvolatile residue may be determined by evaporating a 
100-µl aliquot of the extract to dryness in a tared aluminum weighing pan, 
or other suitable container. 

 
NOTE: Do not run extremely dirty samples on the high-pressure column.  

If the column is damaged, it will have to be replaced. 
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11.3.2 Particles greater than 0.5 microns may scratch the wafer valves, which 

may result in a system leak and cross contamination of sample extracts in 
the sample loops.  To avoid such problems, filter the extract through a 0.5-
micron Teflon® filter disc by attaching a syringe filter assembly 
containing the filter disc to a 10 mL syringe.  Prep (rinse) the filter body 
with 25 - 30 mL of methylene chloride prior to use.  Remove the plunger 
from a 10 mL  glass syringe and pour the 10.0 mL sample extract into the 
glass syringe body with the 0.5 micron Teflon® filter already attached to 
the syringe body.  Replace the plunger into the syringe body and gently 
depress the plunger to filter the sample extract through the filter.  The 
filtered sample is placed in either a 20 mL Class A vial and capped with 
an aluminum seal with a Teflon®-faced septum, or filtered directly into an 
ABC GPC tube.  A minimum of 8.0 mL of filtered extract is required for 
the ABC GPC system to process each sample. 

 
Note: While transferring the samples from the culture tubes to the GPC 

tubes, be sure that the GPC tube has a label specifying the CCN 
for the sample being loaded in that tube.  After loading the 
sample, transfer the label on the culture tube to the receiving 
flask to complete the sample loading.  THEN continue to the 
next sample. 

 
11.3.3 Collect each sample extract in a 250 mL Erlenmeyer flask covered with 

aluminum foil to reduce solvent evaporation.  Monitor sample volumes 
collected. 

 
11.3.3.1 The volume of GPC eluate collected for each sample extract 

processed through GPC cleanup may be used to indicate 
problems with the system during sample processing.  The GPC 
chemist will note any collected volume variations in the GPC 
Run/Maintenance Log (Attachment 4) as well as any corrective 
action taken. 

 
11.3.3.2 Changes in sample volumes collected may indicate one or more 

of the following problems. 
 

• Change in solvent flow rate caused by channeling in the 
column or changes in column pressure. 

 
• Increase in column operating pressure due to the adsorption 

of particles or gel fines onto either the guard column or the 
analytical column gel, if a guard column is not used. 
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• Leaks in the system or significant variances in room 

temperature. 
 

11.4 Final Concentration and Exchange of Extract 
 

11.4.1 The GPC fractions collected are transferred to a Kuderna-Danish (K-D) 
setup containing a 10 mL concentrator tube, 500 mL K-D evaporative 
flask, and a 3-ball macro-sampler column.  Concentrate the extracts on a 
water bath set at 80 - 90° C.  Adjust the vertical position of the apparatus 
and water temperature as required to concentrate the extract in 15 - 30 
minutes.  Remove the extracts from the water bath when their volume is 
approximately 4 mL.  Add 60 mL of hexane to the K-D apparatus and mix 
thoroughly by tilting and shaking the K-D.  Return the extracts to a 90 - 
95° C water bath and concentrate to an apparent volume of 4 mL.  
Remove them from the water bath and allow them to cool.  Remove the 
concentrator tube and further concentrate the hexane extract to 2.0 mL 
using nitrogen evaporation on the N-EVAP by Organomation.  
Alternatively, microsnyder concentration may be used. 

 
CAUTION: Do not allow the hexane extract to concentrate below 1.0 

mL at any time during the solvent concentration step.  
Doing so may cause low surrogate recoveries. 

 
11.4.2 The 2.0 mL of extract is now ready for Sample Preparation Procedure-

938, “Manual Florisil Cartridge Cleanup of Water and Soil Extracts for 
the Analysis of Pesticide/PCB by CLP. 

 
11.4.3 Return  the extracts to the GPC chemist for the required Florisil cleanup.  

Florisil clean-up is required for pesticide/PCB extracts under the 
OLM04.3 SOW and for pesticide extracts under the SOM01.1 SOW. 

 
Note: Any samples that were loaded into two or more loops must be 

recombined before concentrating. 
 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the Quality Contol SOP 13.6 “Numerical Data 
Reduction”. 

 
13.0 Method Performance 
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This method was validated in conjunction with analytical methods through in-house 
laboratory studies of method detection limits and precision and accuracy for single 
analyst.  The data are retained by the QA department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing.  See SOP 12.1, Hazardous Waste Disposal, 
regarding laboratory procedures for recycling solvent waste streams. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 are hazardous and must be handled as 
hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 U.S. EPA CLP SOW OLM04.3, SOM01.1 (May, 2005) 
 

16.2 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, SW-
846, 3rd Edition, Update III, 12/96, Method 3640A 

 
16.3 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 
 

16.4 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 

 
16.5 New York State Analytical Services Protocol (NYSASP), 6/2000, plus revisions 
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16.6 Quality Control SOP 13.6 “Proper Documentation Procedures” 

 
16.7 Quality Control SOP 13.4 “Numerical Data Reduction” 

 
16.8 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.9 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.10 NELAC Standards, June 2003 
 

16.11 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
16.12 New York State Environmental Laboratory Approval Program, Certification 

Manual, December 2005 
 

16.13 CompuChem Quality Manual, Revision 7, Update 1, 12/13/2005 
 

16.14 Sample Control SOP 4.1, “Receiving Samples” 
 

16.15 Sample Control SOP 4.6, “Storing Samples” 
 

16.16 Sample Preparation Procedure –722 (-1014→ -938): Preparation of Water 
Samples for the Analysis of Pesticides/ PCBs by CLP and NYSASP 

 
16.17 Sample Preparation Procedure-726 (-213→ -940→ -938): Preparation of S/S/S 

Samples for the Analysis of Pesticides/PCBs (EPA CLP + NYSASP) 
 

16.18 Sample Preparation Procedure –069, “Sample Preparation for Pesticides/PCBs in 
Water by SW-846 and NYSASP” 

 
16.19 Sample Preparation Procedure –733 (-169→ -940) Low Level Preparation for 

Analysis of Pesticides/PCBs in Sediment/Soil (SW-846 + NYSASP) 
 

16.20 Sample Preparation Procedure-938, “Manual Florisil Cartridge Cleanup of Water      
and Soil Extracts for the Analysis of Pesticide/PCB by CLP, SW-846, and 
NYSASP” 
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17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 - GPC Weekly Calibration Log  
 

17.2 Attachment 2 – Pest/PCB Weekly GPC Calibration Check 
 

17.3 Attachment 3 - Extraction Worksheet (-743) 
 

17.4 Attachment 4 - GPC Run/Maintenance Log 
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COMPUCHEM a division of Liberty Analytical CORP. LOGBOOK 2 R 11 

GPC Weekly Calibration Log: ABC #4 

Tape a copy of the U/V trace in the space below. Make copies of this page and attach them to the associated 
extraction sheets. Label each peak on the U/V trace with the compound name.  Show resolution calculations. 
 
Date/Time: ________  Room Temp: _______  Technician Name/ID: ____________________ 

GPC calibration standards    
(listed in order of elution) 

Time (min) 
          Or 
        (CM) 

 RSD (%) Lot No. of GPC Calibration Standard 
Used ____________ 

Corn oil     

Bis(2-ethylhexyl)phthalate    Acceptance criteria: ± 5.0% change from 
previous calibration (Do not round.) 

Methoxychlor    Retention time criteria met.   Y       N 

Perylene    Calculate and record retention time shift 
from the  previous calibration/UV trace. 

Sulfur     

Flow Rate: 5.0 ml/min Column: Bio-Beads  Chart Speed: 15 cm/hr 

Column Pressure: ______psi     

Pest/PCB    Semivolatiles 

Dump Time: _____min > 85% resolution between corn 
oil and phthalate   Y   N 

Dump Time: _____min 

Collect Time: _____min > 85% resolution between 
phthalate and methoxychlor Y  N 

Collect Time: _____min 

Collect Volume: _____ml > 90% resolution between 
perylene and sulfur Y   N 

Collect Volume: _____ml 

Wash Time: 10:00 min        Wash Time: ________ min 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reviewed By: _________________________   Date: __________ 
 
 
            4/7/00:mlj 

Attachment 1 
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Attachment 2 
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Attachment 3 
 
 
 
 

COMPUCHEM a Division of Liberty Analytical

ASSIGNED TO: EXTRACTION WORKSHEET DATE EXTRACTED/POSTED:

EPA CLP SOW SOM01.1

EMP ID NUMBER:  EPA LOW LEVEL PEST S/S/S BATCH NO.:

-743
CLIENT QC SAMPLE FIANL GPC

COMPUCHEM SAMPLE SAMPLE WEIGHT EXTRACT FINAL
NUMBER ID TYPE (g) VOL. (ml) VOL. (ml)

1 10.0
2 10.0
3 10.0
4 10.0
5 10.0
6 10.0
7 10.0
8 10.0
9 10.0

10 10.0
11 10.0
12 10.0
13 10.0
14 10.0
15 10.0
16 10.0
17 10.0
18 10.0
19 10.0
20 10.0
21 10.0
22 10.0
23 10.0
24 10.0
25 10.0
26 10.0

No. 449 FINAL VOLUME VERIFIED
SURROGATE Amt. 1.0 mL _________  /  _________

Lot # INITIALS           DATE SUPERVISOR REVIEWED
No. 4027

MATRIX SPIKE Amt. 1.0 mL         Witness ___________/________________
Lot # Initials           Date
No. 4039

LCS SPIKE Amt. 1.0 mL
Lot #

GPC Run Date:________________________   Weekly GPC Calib. ID#:________________________   Florisil Cart. Run Date:__________________    Florisil Lot #:___________________

Analysts Initials:  Extracted__________     KD__________     N2__________     Bottle up__________

Manufacturer and lot number of reagents/solvents used _____________________________________________________________________________

COMMENTS

SURROGATE & SPIKE ADDED BY
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ABC GPC #4 Run/Maintenance Log  
CompuChem a division of Liberty Analytical Corp. LOGBOOK  2 V 6 
 
GPC Run Date: ___________   Analyst: ____________ 
 

Position 

Sample ID Position 

Sample ID Dump Time:_____________ 
 
Collect Time: ____________ 

 
1 

 
 
 

 
13 

 

 
2 

 
 
 

 
14 

 

 
3 

 
 
 

 
15 

 

 
4 

 
 
 

 
16 

 

 
5 

 
 
 

 
17 

 

 
6 

 
 
 

 
18 

 

 
7 

 
 
 

 
19 

 

 
8 

 
 
 

 
20 

 

 
9 

 
 
 

 
21 

 

 
10 

 
 
 

 
22 

 

 
11 

 
 
 

 
23 

 

 
12 

 
 
 

  

W ash Time: ______________ 
 
Head Pressure: ____________ 
 
ο GCP tubes cleaned prior to use 
ο Position cleaned prior to use 
ο Viewed first sample uptake 
οFilled in GPC data on worksheet 
 
Date of corn oil calibration ____________ 
 
For Pests, date of weekly standards _________ 
 
For SV, date of GPC blanks ___________ 
 
Comments/observations ____________________ 
 
________________________________________ 
 
________________________________________ 
 
________________________________________ 
 
________________________________________ 
 
Maintenance performed, if any 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reviewed By: _______________________ 
 
Date: _________________________ 
 

            6/29/01:dce 

Attachment 4 
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Sample Preparation Procedure -945: Sulfuric Acid Wash of PCB-Only Hexane Extract  
(SW-846) 

 
 
1.0 Scope & Application 
 

This sample preparation procedure is suitable for the cleanup of sample extracts prior to 
analysis for polychlorinated biphenyls.  This method cannot be used to cleanup extracts 
for other target analytes, as it will destroy most organic chemicals including the 
pesticides Aldrin, Dieldrin, Endrin, Endosulfan (I and II), and Endosulfan sulfate.  The 
method is based on SW-846 Method 3665A. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

2.1 The extract generated from the sonication procedure has already been exchanged 
to hexane.  The entire extract is treated with concentrated sulfuric acid.  
Appropriate caution must be taken with the acid. 

 
2.2 Blanks and other QC samples must be subjected to the same cleanup as the 

samples associated with them. 
 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration. 
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If the low level standard concentration is not at least three times higher than the 
MDL value, the standard concentration is adjusted upward in order to achieve this 
minimal ratio.  It may be adjusted higher than three times depending on the 
concentration range of the calibration curve and the ability to meet method 
linearity requirements.  An exception to this is for CLP methods where the MDL 
is only required to be lower than the reporting limit. 

 
3.3 An SDG is defined by the following, whichever is more frequent: 

 
each 20 field samples received within a case, or 

 
each 7 calendar day period during which field samples in a case are received (14 
calendar days if requested by the client) beginning with the receipt of the first 
sample. 

 
NOTE: The Army Corps of Engineers does not accept the SDG approach, unless 
the samples are prepared in a single batch.  When a group of up to 20 field 
samples of a similar matrix are prepared as one batch, method-specified QC 
samples such as a method blank, laboratory control sample, matrix spike, matrix 
spike duplicate, and matrix duplicate must also be prepared together at a rate of 
5%.  If samples are batched together from different sites, project-specific QC 
must be processed. 

 
Analytical range for organics – The analytical range is defined by the 
concentration of the highest standard in the initial calibration.  Samples 
containing target analyte above this limit must be diluted, or a lesser amount of 
sample analyzed, in order to bring the concentration to within the upper half of 
the calibration range.  For CLP the upper half is defined as the concentration 
between the midpoint standard and the high standard.  For non-CLP the limit is 
between one-half the concentration of the high standard and the high standard. 
The analytical range for inorganics is defined by the quarterly linearity study. 

 
4.0 Interferences 
 

This technique will not destroy chlorinated benzenes, chlorinated naphthalenes 
(Halowaxes), and a number of chlorinated pesticides. 

 
5.0 Safety 
 

Appropriate protective equipment and clothing must be used under the assumption that 
all samples are potentially hazardous.  During sample preparation, glasses, gloves and lab 
coats are a minimum requirement.  The persistent presence of noxious odors may be 
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indicative of failure of the laboratory ventilation system and must be reported to a 
supervisor or manager. 

 
Laboratory staff are encouraged to review the Chemical Hygiene Plan for general safety 
policies, and Material Safety Data Sheets (MSDS) for solvents and reagents used in the 
laboratory.  The MSDS are located in the Quality Assurance department. 

 
Because concentrated acid is being employed, a full face shield must be worn. 

 
6.0 Equipment & Supplies 
 

6.1 Syringe or Class A volumetric pipet, glass; 1.0, 2.0 and 5.0 mL. 
 

6.2 Vials - 1, 2 and 10 mL, glass with Teflon lined screw caps or crimp tops. 
 

6.3 Kunderna-Danish (K-D) apparatus. 
 

6.3.1 Concentrator tube - 10 mL graduated (Kontes K-570050-1025 or 
equivalent).  A ground glass stopper is used to prevent evaporation of 
extracts. 

 
  6.3.2 Snyder column - Three ball macro (Kontes K-503000-0121 or equivalent). 
 
  6.3.3 Springs - 1/2 inch (Kontes K-662750 or equivalent). 
 

6.4 Vortex mixer. 
 

6.5 Nitrogen evaporation device - equipped with a heated bath that can be maintained 
at 35°C, to 40°C, N-Evap by Organomation Associates, Inc. (or equivalent). 

 
7.0 Reagents & Standards 
 

7.1 Reagent Water-All water used during preparation should be reagent-grade Type I 
with regard to resistivity of > 10 megohm-cm (18th and 19th Editions of Standard 
Methods, Method 1080), and referred throughout this SOP as DI water. 

 
7.2 Sulfuric acid/Water, concentrated, reagent grade. 
 
7.3 Hexane, C6H14 - Pesticide grade or equivalent. 
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8.0 Sample Collection, Preservation, & Storage 
 

8.1 Samples are collected, preserved, and stored according to the tables in Sample 
Control SOP 4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample 
holding times are also listed. 

 
8.2 Samples are obtained from the Custodian out of cold storage.  They should be 

allowed to come to room temperature prior to sample preparation.  After 
preparation, they are returned to the Custodian and placed in the cooler at 2-4.4o 
C for long-term storage and disposal. (Sample Preparation) 

 
9.0 Quality Control 
 
 9.1 Contact the area supervisor is questions arise during this procedure. 
 
 9.2 All associated QC samples must also under this cleanup procedure. 
 
10.0 Calibration & Standardization 
 
 Not applicable. 
 
11.0 Procedure 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures. 

 
11.1 Sulfuric acid cleanup 

 
Take the entire hexane extract and carefully add 2-5 mL of concentrated sulfuric 
acid. 

 
Caution: Make sure that there is no exothermic reaction nor evolution of gas 

prior to proceeding. 
 
  11.1.2 Vortex or shake for approximately one minute.   
 
  Caution: Be extremely careful  so no acid escapes.   

 AVOID SKIN CONTACT, SULFURIC ACID BURNS. 
 

11.1.3 Allow the phases to separate for at least 1 minute.  Examine the top 
(hexane) layer; it should not be highly colored nor should it  have a 
visible emulsion or cloudiness. 
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  11.1.4 If a clean phase separation is achieved, proceed to 11.1.7. 
 

11.1.5 If the hexane layer is colored or the emulsion persists for several minutes, 
remove the sulfuric acid layer from the vial and dispose of it properly.  
Add another 2-5 mL of concentrated sulfuric acid. 

 
  NOTE: Do not remove any hexane at this stage of the procedure. 
 

11.1.6 Shake the sample for approximately one minute and allow the phases to 
separate. 

 
11.1.7 Repeat steps 11.1.5 and 11.1.6 until the hexane layer is colorless or there 

is no visible change in successive sulfuric acid washes. 
 

11.1.8 Transfer the hexane layer to a clean 10 mL vial.  It is not critical to 
transfer the entire hexane layer.  It is critical that no acid is transferred 
with the hexane since the acid will destroy a GC column. 

 
11.2 Documentation 

 
11.2.1 The extraction worksheet (Attachment 1) is completed by the technician 

performing the acid wash.  The worksheet would have accompanied the 
samples prepared by the sonication extraction procedure, which then 
required the acid wash.   Once completed, the worksheet 
accompanies the samples to the GC laboratory.  Include on worksheet the 
manufacturers and lot numbers of reagent/solvent used. 

 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 

13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method  and precision 
and accuracy for single analyst.  The data are retained by the QA department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
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eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, H2SO4, NaOH, ZN acetate are hazardous and must 
be neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, 
SW846, 3rd Edition, Update III, 12/96, 3665A, (The modification uses 
concentrated sulfuric acid rather than 1:1 sulfuric acid/water and does not employ 
permanganate.) 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 
 

16.3 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 

 
16.4 New York State Analytical Services Protocol (NYSASP), 6/2000, plus revisions 
 
16.5 QCSOP: Proper Documentation Procedures 

 
16.6 QCSOP: Numerical Data Reduction 
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16.7 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 
American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.8 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.9 NELAC Standards, June 2000, plus revisions 
 

16.10 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
16.11 New York State Environmental Laboratory Approval Program, Certification 

Manual, October 15, 1999, plus revisions. 
 

16.12 CompuChem Quality Manual, Revision 4, 12/10/03, plus revisions 
 

16.13 Sample Control SOP 4.1, “Receiving Samples” 
  

16.14 Sample Control SOP 4.6, “Storing Samples” 
 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 – Extraction Worksheet 
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Attachment 1 
 

 
Note:  Attachment is subject to change without notice. 

CompuChem

ASSIGNED TO EXTRACTION WORKSHEET DATE EXTRACTED/POSTED:

PCB ONLY IN S/S/S BY METHOD 3550A/3665A for 8082
 

EMPLOYEE ID # -735 PCB's ONLY

CLIENT QC  SAMPLE FINAL
COMPUCHEM SAMPLE SAMPLE  WEIGHT VOLUME

 NUMBER ID TYPE (g) (ml)

1  

2

3

4

5

6

7

8

9

10

11

12 ACID WASH (3665A) 5 ML FINAL EXTRACT VOLUME

13

14

15

16

17

18

19

20

21

22

23

24

25

26
# AMOUNT LOT #  SURROGATE AND SPIKE ADDED BY:

  SURROGATE 426 2.0 ml _________   / _________________ FINAL VOLUME VERIFIE

  SPIKE 4615 1.0 ml INITIALS            DATE

SUPERVISOR REVIEWED

Analysts initials.   Extract _________     KD _____________     N2___________     Bottle up ___________   Acid Wash _____________ Witness _____________/___

                   Initials

COMMENTS

BATCH NO.:
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Sample Preparation Procedure -938: Automated Florisil Cartridge Cleanup for Pesticide/PCB 

Analysis by CLP and SW-846 
 
1.0 Scope and Application 
 

Florisil cartridge cleanup is required in the EPA Contract Laboratory Program (CLP) for 
all soil and water samples extracted for analysis of pesticides/Aroclors in the OLM04.3 
and OLC03.2 SOW documents and pesticides in the SOM01.1 SOW document.  
Florisil cleanup is optional for SW-846.  Florisil cleanup significantly reduces matrix 
interferences caused by polar compounds. 
 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Method Summary 
 

Extracts for Florisil cleanup are processed using a 10 mL syringe and Sep-pak cartridge.  
The analyst loads the syringe, and elutes sample extracts with 90:10 hexane:acetone.  The 
pesticide extracts are then concentrated to appropriate final volumes and delivered to the 
GC laboratory with the necessary paperwork (Attachments 1 and 2) for analysis by 
GC/ECD. 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration. 

 
If the low level standard concentration is not at least three times higher than the 
MDL value, the standard concentration is adjusted upward in order to achieve this 
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minimal ratio.  It may be adjusted higher than three times depending on the 
concentration range of the calibration curve and the ability to meet method 
linearity requirements.  An exception to this is for CLP methods where the MDL 
is only required to be lower than the reporting limit. 

 
For CLP the reporting limit is the Contract Required Quantitation Limit (CRQL) 
for organics. 

 
3.3 Reporting Units – μg/L for waters and μg/kg for soils 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 
 
• each 7 calendar day period during which field samples in a case are received 

(17 calendar days if  requested by the client) beginning with the receipt of the 
first sample. 

 
 3.5 VTSR – Validated Time of Sample Receipt, a CLP term 
  
4.0 Interferences 
 

Florisil cleanup significantly reduces matrix interferences caused by polar compounds. 
 
5.0 Safety 
 

Appropriate protective equipment and clothing must be used under the assumption that 
all samples are potentially hazardous.  During sample preparation glasses, gloves and lab 
coats are a minimum requirement.  The persistent presence of noxious odors may be 
indicative of failure of the laboratory ventilation system and must be reported to a 
supervisor or manager. 

 
Laboratory staff are required to review the Chemical Hygiene Plan for general safety 
policies, and Material Safety Data Sheets for reagents used in the laboratory. 

 
6.0 Equipment & Supplies 
 

6.1 Solvents – pesticide grade or equivalent 
 
 6.1.1 Hexane 
 
 6.1.2 Acetone 
 
 6.1.3 Hexane:acetone mixture (90:10) (v:v) 
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6.2 10 mL concentrator tube 
 

6.3 Waters brand Sep-Pak Plus Florisil cartridge (1 gram) 
 
 6.3.1 Each lot is tested in the laboratory and approved before use. 

 
6.4 Vial – 10 mL 

 
7.0 Reagents & Standards 
 

All standards are prepared in the Organic Standards laboratory.  Details for the 
preparation are contained in the standard operating procedures (SOP) for that area 
(Section 7.0 of the SOP collection.)  Refrigerate the standards in the laboratory at 2 – 4o 
C, separately from samples, when not in use. 

 
7.1 Reagent water – All water used in this procedure must be reagent-grade Type 

I with regard to resistivity of > 10 megohm-cm (19th and 20th Editions of 
Standard Methods, Method 1080), and is demonstrated to meet the blank 
criteria contained in this Standard Operating Procedure (SOP).  It is 
referred throughout this SOP as DI water. 

 
 7.2 Spike standard #4027 – 2,4,5-trichlorophenol solution (0.1 μg/mL in acetone) 
 
 7.3 GC midpoint calibration standard A (INDAM) 
 
8.0 Sample Preservation and Storage 
 

8.1 Preserve and store samples according to the tables in Sample Control SOP 4.1, 
“Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are also 
listed. 

 
8.2 For CLP, extract aqueous samples within 5 days of VTSR and solid samples 

within 10 days.  For SW-846, aqueous samples must be extracted within 7 days of 
sampling and soils within 14 days. 

 
Note: Pesticide/PCB extracts are generated in the OLM04.3 and OLC3.2 

SOW documents and require Florisil clean-up.  In the SOM01.1 SOW 
document, only the pesticide extracts require Florisil clean-up. 

 
8.3 Obtain samples from the Custodian.  Allow samples to come to room 

temperature prior to sample preparation.  After preparation, return samples to the 
Custodian and placed in the cooler at 2 – 4o C for long-term storage and disposal. 
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9.0 Quality Control 
 

9.1 Florisil Cartridge Performance Check 
 

9.1.1 Every lot number of Florisil cartridges must be tested by the following 
procedure and approved by the GC laboratory before it can be used for 
sample cleanup.  Conduct the performance check at least once on each 
Florisil lot, or every 6 months, whichever is more frequent. 

 
9.1.2 Waters Sep-pak plus cartridges are generally purchased in lots of 2000 

each. 
 

9.1.3 If cartridges do not meet QC requirements, return them to the vendor. 
 

9.1.4 Prepare two lot tests (an original and a duplicate) by preparing each as 
follows:  

 
9.1.4.1 Add 0.5 mL of spike standard (#4025) and 0.5 mL of GC midpoint 

Standard A (INDAM) or Standard C for SOM01.1 (INDCM) 
together in a 10 mL vial.  Dilute to 4.0 mL with hexane.  Blow 
down to 0.5 mL.  Dilute again to 2.0 mL with hexane. 

 
9.1.4.2 Attach labels to the culture tubes to designate the lot number and 

date run as shown in the table below. 
 

Xxxxxxx T5129-1 
LOT TEST LOT TEST 
xx/xx/xx 07/15/95 

 
The CCN will be designated as follows: 

 
1, 2, etc. = replicate number 
T5129 = Lot number 

 
9.1.4.3 Perform the Florisil Cleanup Procedure in Section 11.0. 

 
9.1.4.4 Reduce the final volume to 1.0 ml using the nitrogen blow down 

technique and submit to the GC laboratory for GC/ECD analysis. 
 
9.1.4.5 Complete the Florisil Lot Test worksheet. 
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9.1.4.6 Determine the recovery of each analyte for evaluation and 
reporting purposes.   

 
9.1.4.7 The lot of Florisil cartridges is acceptable if  
 

9.1.4.7.1 all pesticides are recovered at 80-120%  
 

9.1.4.7.2 the recovery of trichlorophenol is less than 5% 
 
9.1.4.7.3 no peaks interfere with the target analytes are detected. 
 

NOTE: If cartridges fail due to 2,4,5-trichlorophenol 
recovery, heat the cartridges to 100° C for ~ 1 
hour, the repeat lot tests.  If cartridges pass after 
heating, heat all cartridges in that lot before use. 

 
9.2 Use this clean-up procedure with all associated QC samples. 

 
10.0 Calibration & Standardization 
 

NA 
 
11.0 Procedure 
 

Follow documentation requirements in Quality Control SOP 13.6 “Proper 
Documentation Procedures”. 

 
11.1 Florisil Cartridge Cleanup Procedure 

 
11.1.1 For OLM04.3 and SOM01.1 water samples, ensure that the hexane 

extract has been concentrated to 10 mL, then remove a 2.0 mL aliquot.  
For OLC03.2 water extracts the hexane-exchanged extract is 
concentrated to 2.0 mL and the entire volume is subjected to Florisil 
clean-up.  For SW-846 soil samples not requiring GPC, after exchange to 
hexane, concentrate to 5.0 mL, then remove a 2.0 aliquot.  

 
 For CLP (OLM04.3 and SOM01.1) soil samples after GPC, concentrate 

the hexane-exchanged extract to 2.0 mL and florisil the entire extract. 
 

11.1.2 Assemble a Florisil Sep-pak cartridge to a 10 mL syringe.  Elute the 
cartridge with approximately 10-20 mL of 90:10 hexane:acetone, but do 
not let the cartridge go dry.  Rinse with 2.0 mL hexane. 
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11.1.3 Transfer the 2.0 mL hexane extracts to the 10 mL syringe.  Also, transfer 
labels with CompuChem number to concentrator tube.   

 
 Push the extract through, but do not allow the cartridge to go dry.  Rinse 

the syringe with a small amount of hexane.  Push this through, but do not 
allow to go dry. 

 
 Collect the eluant after Florisil into a concentrator tube.  Next, elute with 

approximately 8 mL of 90:10 hexane:acetone.  Collect this eluant into the 
same concentrator tube. 

 
11.1.4 Concentrate to the final extract volume using the nitrogen blowdown 

technique or a micro Snyder.  The final volume is 2.0 mL. 
 

11.1.5 Complete the paperwork, post the extraction queues in LIMS, and label 
the extracts with CompuChem number, procedure code, and date.  Sign 
the appropriate preparation worksheet to document the final volume was 
verified.  Include on the worksheet, the manufacturer and lot number of 
reagents/solvents used. 

 
11.1.6 Deliver the sample extracts with the completed paperwork to the 

designated area in the GC laboratory documenting custody transfer. 
 
11.1.7 The extracts are now ready for analysis following the appropriate 

instrumentation procedures.  
 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the Quality Control SOP 13.4 “Numerical Data 
Reduction”. 

 
13.0 Method Performance 
 

This method was validated in conjunction with the analytical method through in-house 
laboratory studies of method detection limits and precision and accuracy for single 
analyst.  The data is retained by the QA department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
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established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel use pollution prevention techniques to address waste generation.  
When wastes cannot be feasibly reduced at the source, the Agency recommends recycling 
as the next best thing.  See SOP 12.1, Hazardous Waste Disposal, regarding 
laboratory procedures for recycling solvent waste streams. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 U.S. EPA CLP SOW OLC03.2, OLM04.3, plus revisions, SOM01.1 (May, 2005)  
 

16.2 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, SW-
846, 3rd Edition, Update III, 12/96, Method 3620B 

 
16.3 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 
 

16.4 New York State Analytical Services Protocol (NYSASP), 6/2000, plus revisions 
 

16.5 Quality Control SOP 13.6 “Proper Documentation Procedures” 
  

16.6 Quality Control SOP 13.4 “Numerical Data Reduction” 
 

16.7 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 
American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.8 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
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16.9 NELAC Standards, July 2003, plus revisions 
 

16.10 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
16.11 New York State Environmental Laboratory Approval Program, Certification 

Manual, December 2005, plus revisions. 
 

16.12 CompuChem Quality Manual, Revision 7, Update 1, 12/13/05 
 
16.13 Sample Control SOP 4.1, “Receiving Samples” 
 
16.14 Sample Control SOP 4.6, “Storing Samples” 

 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 - Florisil Lot Test Worksheet 
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Attachment 1 
 

 
 

CompuChem a Division of Liberty Analytical

Worksheet Ref: Florisil Lot Test EXTRACTION WORKSHEET
ASSIGNED TO: Pesticide/PCB  DATE PREPPED 5/22/2006

EMP. ID NUMBER FLORISIL LOT TEST

COMPUCHEM SAMPLE FINAL
NUMBER TYPE VOLUME

1 FLORISIL TEST SAMPLE 1.0ML 0.5 MLs OF 4025 AND MIX A MED 3/90
2 FLORISIL TEST SAMPLE 1.0ML ARE DILUTED TO 4.0ML IN HEXANE, BLOWN DOWN TO 0.5ML
3 FLORISIL TEST SAMPLE 1.0ML BROUGHT BACK UP TO 2.0ML W/ HEXANE, THEN FLORISILED
4 FLORISIL TEST SAMPLE 1.0ML
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

FINAL VOLUME VERIFIED
4025  AMT.    O.5ML

SOLUTION LOT SUPERVISOR REVIEWED

MIXA-MED 3/90
SPIKE  AMT.   0.5ML

SOLUTION LOT

Rev. 5/11/06:jad

COMMENTS
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Sample Preparation Procedure -818: Synthetic Precipitation Leaching Procedure by SW-846 
 
 
1.0 Scope and Application 
 

Method 1312 is designed to determine the mobility of both organic and inorganic 
analytes present in samples of soils, wastes, and wastewaters.  Leachates generated from 
the application of this method are assessed for inorganic, volatile, semivolatile, and 
pesticide analytes using SW846 analytical methods. 

 
The range of measurement is based on the individual analytical methods.  Limits of 
detection are not applicable for Method 1312. 

 
If a total analysis of the soil, waste, or wastewaters demonstrates that individual analytes 
are not present, or that they are present but at such low concentrations that the appropriate 
regulatory levels could not possibly be exceeded, Method 1312 need not be performed. 

 
If an analysis of any one of the liquid fractions of the 1312 extract indicates that a 
regulated compound is present at such high concentrations that, even after accounting for 
dilution from other fractions of the extract, the concentrations would be above the 
regulatory level for that compound, then the waste is hazardous and it is not necessary to 
analyze the remaining fractions of the extract. 

 
If an analysis of an extract obtained using a bottle extractor shows that the concentration 
of any regulated volatile analyte exceeds the regulatory level for that compound, then the 
waste is hazardous and extraction using the ZHE is not necessary.  However, the extract 
from a bottle extractor cannot be used to demonstrate that the concentration of volatile 
compounds is below the regulatory level. 

 
Staff members performing the procedures described in this standard operating procedure 
(SOP) are responsible for reading, understanding, and complying with the SOP 
requirements.  Supervisors are responsible for directing the analyst to the controlled SOP, 
and providing adequate explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

For liquid samples (i.e., those containing less than 0.5% dry solid material), the sample, 
after filtration through a 0.6-0.8 µm glass fiber filter, is defined as the 1312 extract. 
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For soil samples containing greater than 0.5% solids, the liquid phase, if any, is separated  
from the solid phase and stored for later analysis;  the particle size of the solid phase is 
reduced, if necessary.  The solid phase is extracted with an amount of extraction fluid 
equal to 20 times the weight of the solid phase. 

 
If compatible (i.e., multiple phases will not form on combination), the initial liquid phase 
of the waste is added to the liquid extract, and these are analyzed together.  If 
incompatible, the liquids are analyzed separately and the results are mathematically 
combined to yield a volume-weighted average concentration. 

 
3.0 Definitions 
 

3.1 An SDG is defined by the following, whichever is more frequent: 
 

each 20 field samples received within a case, or 
 

each 7 calendar day period during which field samples in a case are received (14 
calendar days if requested by the client) beginning with the receipt of the first 
sample. 

 
NOTE: The Army Corps of Engineers (US ACE) and South Carolina 

Department of Health and Environmental Control (SC DHEC) do not 
accept the SDG approach, unless the samples are prepared in a single 
batch.  When a group of up to 20 field samples of a similar matrix are 
prepared as one batch, method-specified QC samples such as a method 
blank, laboratory control sample, matrix spike, matrix spike duplicate, and 
matrix duplicate must also be prepared together at a rate of 5% for US 
ACE and 10% for SC DHEC.  If samples are batched together from 
different sites, project-specific QC must be processed. 

 
3.2 SPLP - Synthetic Precipitation Leaching Procedure 

 
3.3 ZHE – Zero Headspace Extraction 

 
3.4 Percent solids - that fraction of a waste sample (as a percentage of the total sample) 

from which no liquid may be forced out by an applied pressure. 
 

3.5 PSR = Particle size reduction (is required unless the solid has a surface area per gram 
of material equal to or greater than 3.1 cm2, or is smaller than 1 cm in its narrowest 
dimension, i.e. capable of passing through a 9.5 mm [0.375 inch] standard sieve.) 
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4.0 Interferences 
 

4.1 Potential interferences that may be encountered during analysis are discussed in the 
individual analytical methods in SW-846.  All reagents and materials used in 
preparing samples by Method 1312 must be demonstrated to be free from 
contaminants and interferences by processing a method blank with every batch of 
samples prepared.  The frequency of method blanks is 1 blank for every 20 samples 
prepared or every batch, whichever is the most frequent. 

 
5.0 Safety 

 
5.1 At a minimum, gloves, safety glasses, and lab coats must be worn at all times when 

processing samples by Method 1312.  In addition dust masks or respirators, full face 
shields, exhaust hoods, safety showers, fire extinguishers, laboratory safety 
procedures, and training in the use of all safety equipment and procedures must be 
provided for every individual performing this or any other extraction or analytical 
procedure.  

 
5.2 The persistent presence of noxious odors may be indicative of failure of the 

laboratory ventilation system and must be reported to a supervisor or manager. 
 

5.3 Laboratory staff are encouraged to review the Chemical Hygiene Plan for general 
safety policies, and Material Safety Data Sheets (MSDS) for solvents and reagents 
used in the laboratory.  The MSDS are located in the Quality Assurance department. 

 
6.0 Equipment & Supplies 
 

6.1 Agitation apparatus 
 

6.1.1 The agitation apparatus must be capable of rotating the extraction vessel in 
an end-over-end fashion at 30 ± 2 rpm.  Any suitable device that rotates 
end-over-end is acceptable. 

 
6.1.2 Verify the agitation apparatus rotates at 30 rpm ± 2.  To calculate rpm, 

count the rpm for 30 seconds and multiply the number by two.  Document 
that you checked it by recording this number in the designated space on 
the Synthetic Precipitation Leaching Procedure Worksheet (Attachment 
1). 

 
6.2 Bottle extract vessel 

 
6.2.1 The extraction bottles may be constructed from various materials, 

depending on the analytes to be analyzed and the nature of the waste.  It is 
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recommended that borosilicate glass bottles be used instead of other types 
of glass, especially when inorganics are of concern.  Plastic bottles other 
than polytetrafluoroethylene cannot be used if organics are to be 
investigated. 

 
6.3 Nonvolatile vessels 

 
6.3.1 When the sample is being evaluated using the nonvolatile extraction, a jar 

with sufficient capacity to hold the sample and the extraction fluid is 
needed.  Headspace is allowed in the vessel. 

 
6.4 Zero Headspace Extraction (ZHE) vessel 

 
6.4.1 This device is normally used to evaluate the mobility of volatile target 

analytes.  The vessel allows for initial liquid/solid separation, extraction 
and final extract filtration without having to open the vessel. 

 
6.4.2 The internal volume of the vessel is 500 + mls.  The devices contain Viton 

O-rings for closure.  Gas pressure is used to activate the ZHE piston 
 

6.5 Filtration devices 
 

6.5.1 When the waste is evaluated for nonvolatile analytes, a filter holder 
capable of supporting a glass fiber filter and able to withstand the pressure 
needed to accomplish separation may be used.  Suitable filter holders 
range from simple vacuum units to relatively complex systems capable of 
exerting pressures of up to 50 psi or more.  The type of filter holder used 
depends on the properties of the material to be filtered. 

 
6.5.2 These devices must have a minimum internal volume of 300 ml and 

accommodate a minimum filter size of 47 mm. 
 

6.5.3 Filter holders having an internal capacity of 1.5 L or greater, and equipped 
to accommodate a 142 mm diameter filter, are recommended. 

 
6.5.4 Vacuum filtration can only be used for wastes with low solids content 

(<10%) and for highly granular, liquid-containing wastes.  All other types 
of wastes should be filtered using positive pressure filtration. 

 
6.6 Materials of Construction 

 
6.6.1 Extraction vessels and filtration devices are made of inert materials that 

will not leach or absorb sample components. 
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6.6.1 Glass, polytetrafluoroethylene (PTFE), or type 316 stainless steel 

equipment may be used when evaluating the mobility of both organic and 
inorganic components. 

 
6.6.2 Devices made of high-density polyethylene (HDPE), polypropylene (PP), 

or polyvinyl chloride (PVC) may be used only when evaluating the 
mobility of metals. 

 
6.6.3 Borosilicate glass bottles are recommended for use over other types of 

glass bottles, especially when inorganics are analytes of concern. 
 

6.7 Filters 
 

6.7.1 Filters are made of borosilicate glass fiber, contain no binder materials, 
and have an effective pore size of 0.6-0.8 µm or equivalent. 
 

6.7.2 Pre-filters must not be used. 
 

6.7.3 When evaluating the mobility of metals, filters must be acid-washed 
before use by rinsing with 1N nitric acid (HNO3), followed by three 
consecutive rinses with DI water (a minimum of 1-L per rinse is 
recommended). 
 

6.7.4 Glass fiber filters are fragile and should be handled with care. 
 

6.8 pH Meters 
 
6.8.1 The meter should be accurate to ± 0.05 units at 25°C. 

 
6.9 Laboratory balance 

 
6.9.1 Any laboratory balance accurate to within ± 0.01 grams may be used (all 

weight measurements are to be within ± 0.1 grams). 
 

6.10 Beaker or Erlenmeyer flask -  500 ml. 
 
6.11 Watchglass - appropriate diameter to cover beaker or Erlenmeyer flask. 
 
6.12 Magnetic stirrer 
 
6.13 ZHE Extract Collection Devices 
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6.13.1 Tedlar ® bags are most often used to collect any initial liquid phase and 
the final extract. 

 
6.13.2 Glass, stainless steel or PTEE gas-tight syringes may also be used. 
 

6.14 ZHE Extraction Fluid Transfer Device 
 

6.14.1 A pressurized stainless steel canister is used to transfer the extraction fluid 
(DI water) into the ZHE. 

 
6.15 Oven 

 
6.15.1 The laboratory drying oven should be capable of maintaining a 

temperature of 100°± 5°C. 
 

6.15.2 The oven temperature must be read and recorded on the logbook for the 
unit on each day of use. 

 
7.0 Reagents & Standards 

 
7.1 Reagent water - All water used during preparation should be reagent-grade Type I 

with regard to resistivity of >10 megohm (20th edition of Standards Methods, 
Method 1080), and referred throughout this SOP as DI or reagent water.  This 
water would have the following analyte-specific characteristics: 
 
7.1.1 Inorganic Analytes:  Water that is generated by any method that would 

achieve the performance standards for ASTM Type II water.  The analytes 
of concern must be no higher than the highest of either the detection limit, 
five percent of the regulatory level for that analyte, or five percent of the 
measured concentration in the sample. 
 

7.1.2 Volatile Analytes:  Water in which an interferent is not observed at the 
method detection limit of the compounds of interest.  Organic-free water 
can be generated by passing tap water through a carbon filter bed 
containing about 1 pound of activated carbon.  A water purification system 
may be used to generate organic-free DI water. 
 
7.1.2.1 Organic-free water may also be prepared by boiling water for 15 

minutes.  Subsequently, while maintaining the temperature at 
90°C, bubble a contaminant-free inert gas through the water for 1 
hour.  The analytes of concern must be no higher than the highest 
of either the detection limit, five percent of the regulatory level for 
that analyte, or five percent of the measured concentration in the 
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sample.  Exceptions may have to be taken for the common 
laboratory solvents methylene chloride and acetone. 
 

7.1.3 Semivolatile Analytes:  Water in which an interferent is not observed at 
the method detection limit of the compounds of interest.  Organic-free 
water can be generated by passing tap water through a carbon filter bed 
containing about 1 pound of activated carbon.  A water purification system 
may be used to generate organic-free deionized water.  The analytes of 
concern must be no higher than the highest of either the detection limit, or 
five percent of the regulatory level for that analyte, or five percent of the 
measured concentration in the sample.  Exceptions may have to be taken 
for the phthalate esters. 

 
7.2 Sulfuric acid/nitric acid H2SO4/HNO3 (60/40 weight percent mixture) 

 
7.2.1 Cautiously and slowly mix 60 g of concentrated sulfuric acid with 40 g of 

concentrated nitric acid.   
 

7.3 Extraction Fluids 
 

These fluids must be made fresh daily and recorded in the Synthetic Precipitation 
Leaching Procedure Worksheet (Attachment 1).  Include the lot number of the pH 
buffer solutions being used. 
 
The pH should be checked before use to ensure that the fluid is made up 
accurately and should be monitored frequently for impurities. 

 
7.3.1 Extraction Fluid #1 

 
7.3.1.1 To prepare the fluid, add the 60/40 weight percent mixture of 

H2SO4/HNO3 to DI water until the pH is 4.20 ± 0.05. 
 
Note: Solutions are not buffered and the exact pH may not be 
attained. 
 

7.3.1.2 Extraction fluid #1 is used to determine the leachability of the soil 
from a site that is east of the Mississippi River, and the leachability 
of wastes and wastewaters.  This fluid must be used for samples 
specified from EPA Region V. 
 

7.3.2 Extraction Fluid #2 
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7.3.2.1 This fluid is made by adding the 60/40 weight percent mixture of 
sulfuric and nitric acids to DI water until the pH is 5.00 ± 0.05. 
 

7.3.2.2 The fluid is used to determine the leachability of soil from a site 
that is west of the Mississippi River. 

 
7.3.3 Extraction Fluid #3 

 
7.3.3.1 This fluid is DI water and is used to determine the leachability of 

cyanide and volatile organics. 
 
8.0 Sample Collection, Preservation, and Storage 

 
8.1 All samples are collected using an appropriate sampling plan. 

 
8.2 There may be requirements on the minimal size of the field sample depending on 

the physical state or states of the waste and the analytes of concern.  An aliquot is 
needed for the preliminary evaluations of the percent solids and the particle size.  
An aliquot may be needed to conduct the nonvolatile analyte extraction 
procedure.  If volatile organics are of concern, another aliquot may be needed.  
Quality control measures may require additional aliquots.  Further, it is always 
wise to collect more sample just in case something goes wrong with the initial 
attempt to conduct the test. 
 

8.3 Preservatives are not added to samples before extraction. 
 

8.4 Samples may be refrigerated unless refrigeration results in irreversible physical 
change to the waste.  If precipitation occurs, the entire sample (including 
precipitate) should be extracted. 
 

8.5 When the sample is to be evaluated for volatile analytes, care should be taken to 
minimize the loss of volatiles.  Samples must be collected and stored in a manner 
that prevents the loss of volatile analytes (e.g., samples should be collected in 
Teflon™-lined septum capped vials and stored at 4° C.  Samples should be 
opened only immediately prior to extraction. 

 
8.6 SPLP extracts should be prepared for analysis and analyzed as soon as possible 

after extraction.  Extracts or portions of extracts for metallic analyte 
determinations must be acidified with nitric acid (HNO3)to a pH <2, unless 
precipitation occurs.  Extracts should be preserved for other analytes according to 
the guidance given in the individual analysis methods.  Extracts or portions of 
extracts for organic analyte determinations shall not be allowed to come into 
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contact with the atmosphere to prevent losses.  If they need to be stored, even for 
a short time, storage must be at 4°C. 

 
8.7 Samples must undergo the SPLP within the following holding time periods. If 

sample holding times are exceeded, the values obtained will be considered 
minimal concentrations.  Exceeding the holding time is not acceptable in 
establishing that a waste does not exceed the regulatory level.  Exceeding the 
holding time will not invalidate characterization if the waste exceeds the 
regulatory level. 

 
Sample Maximum Holding Times (Days) 

 
From: 
 

Field 
Collection 

1312 
Extraction 

Preparative 
Extraction 

Total Elapsed 
Time 

To: 
 

1312 
Extraction 

Preparative 
Extraction 

Analytical 
Analysis 

 

     
Volatiles 14 NA 14 28 

Semi-
volatiles 

 
14 

 
7 

 
40 

 
61 

Mercury (Hg) 28 NA 28 56 
Metal, except 

Hg 
180 NA 180 360 

NA= Not Applicable 
 
9.0 Quality Control 
 

9.1 Blank 
 

9.1.1 At least one blank will be analyzed by the same extraction fluid as used 
for the samples for every 20 extractions that have been conducted in an 
extraction vessel.  The blank is prepared by the SPLP extraction procedure 
with the samples. 

 
9.2 Duplicates 

 
9.2.1 Duplicates are prepared at a minimum of one in 20 samples.  The 

duplicate is taken through the SPLP extraction procedure with samples. 
 

9.3 Matrix Spike 
 

9.3.1 A matrix spike shall be performed for each waste type (e.g., wastewater 
treatment sludge, contaminated soil, etc.) unless the result exceeds the 
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regulatory level and the data are being used only to demonstrate that the 
waste property exceeds the regulatory level.  A minimum of one matrix 
spike must be analyzed for each analytical batch.  As a minimum, follow 
the matrix spike addition guidance provided in each analytical method.  

 
9.3.2 The matrix spike standard is to be added after filtration of the 1312 extract 

and before preservation.  Matrix spike standard should not be added before 
1312 extraction of the sample. 

 
9.3.3 In most cases, matrix spike levels should be added at a concentration 

equivalent to the corresponding regulatory level.  If the analyte 
concentration is less than one-half the regulatory level, the spike 
concentration may be as low as one-half of the analyte concentration, but 
may not be less than five times the method detection limit.  To avoid 
differences in matrix effects, the matrix spikes must be added to the 
nominal volume of the 1312 extract as that which was analyzed for the 
unspiked sample. 

 
9.3.4 The purpose of the matrix spike is to monitor the performance of the 

analytical methods used, and to determine whether matrix interferences 
exist.  Use of other internal calibration methods, modification of the 
analytical methods, or use of alternate analytical methods may be needed 
to accurately measure the analyte concentration in the 1312 when the 
recovery of the matrix spike is below the expected analytical method 
performance. 

 
9.4 Laboratory Control Sample 

 
9.4.1 A laboratory control sample (LCS) is generated during the preparative 

extraction procedure for the specific fraction.  The purpose of the LCS is 
to monitor the performance of the analytical method. 

 
10.0 Calibration and Standardization 
 

10.1 The pH meter must be calibrated with each day of use and recorded in the pH 
Meter Logbook (Attachment 2).  Calibration must be performed according to 
Section 10.0 in Sample Preparation Procedure SOP –157, “pH Measurement for 
Solid Samples by EPA CLP and NYSASP.” 

 
10.2 The balance must be calibrated daily and recorded in the balance logbook 

(Attachment 3) according to the procedures discussed in QC SOP 13.16, “Top 
Loading Balance Calibration and Maintenance.” 
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11.0 Procedure 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures.  Document all information on the Synthetic Precipitation Leaching Procedure 
Worksheet (attachment 3). 

 
11.1 Preliminary Evaluations 

 
Perform preliminary 1312 evaluations on a minimum of a 100-g aliquot of 
sample.  This aliquot may not actually undergo 1312 extraction.  These 
preliminary evaluations include: 

 
• determining the percent solids (section 11.1.1) 

 
• determining whether the waste contains insignificant solids and is, 

therefore, its own extract after filtration (section 11.1.2) 
 

• determining whether the solid portion of the waste requires particle size 
reduction (section 11.1.3). 

 
• determining which extraction fluid to use (section 11.1.4) 

 
11.1.1 Preliminary determination of percent solids 

 
11.1.1.1 If the sample will obviously yield no free liquid when 

subjected to pressure filtration (i.e., is 100% solids), weigh 
out a representative subsample (100 g minimum) and 
proceed to Section 11.1.3. 

 
11.1.1.2 If the subsample is liquid or multiphasic, liquid/solid 

separation to make a preliminary determination of percent 
solids is required.  This involves the filtration device 
discussed in Section 6.6 above and is outlined in Section 
11.1.1.3 through 11.1.1.9. 

 
11.1.1.3 Pre-weigh the filter and the container that will receive the 

filtrate. 
 

11.1.1.4 Assemble filter holder and filter following the 
manufacturer's instructions.  Place the filter on the support 
screen and secure. 
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11.1.1.5 Weigh out a subsample of the waste (100 g minimum) and 
record the weight. 

 
11.1.1.6 Allow slurries to stand for no longer than 2 hours to permit 

the solid phase to settle.  Samples that settle slowly may be 
centrifuged before filtration.  Centrifugation is to be used 
only as an aid to filtration.  If used, the liquid should be 
decanted and filtered followed by filtration of the solid 
portion of the waste through the same filtration system. 

 
11.1.1.7 Quantitatively transfer the sample to the filter holder (liquid 

and solid phases).  Spread the sample evenly over the 
surface of the filter.  If filtration of the waste at 4°C reduces 
the amount of expressed liquid over what would be 
expressed at room temperature, then allow the sample to 
warm up to room temperature in the device before filtering. 

 
Note: If the sample material (>1% of original sample 

weight) has obviously adhered to the container used 
to transfer the sample to the filtration apparatus, 
determine the weight of this residue and subtract it 
from the sample weight to determine the weight of 
the sample that will be filtered. 

 
Gradually apply vacuum or gentle pressure of 1-10 psi, 
until air or pressurizing gas moves through the filter.  If this 
point if not reached under 10 psi, and if no individual liquid 
has passed through the filter in any 2-minute interval, 
slowly increase the pressure in 10-psi increments to 
maximum of 50 psi.  After each incremental increase of 10-
psi, if the pressurizing gas has not moved through the filter, 
and if no additional liquid has passed through the filter in 
any 2-minute interval, proceed to the next 10-psi increment.  
When the pressurizing gas begins to move through the 
filter, or when the liquid flow has ceased at 50 psi (i.e. 
filtration does not result in any additional filtrate within a 
2-minute period), stop the filtration. 

 
Note: Instantaneous application of high pressure can 

degrade the glass fiber filter and may cause 
premature plugging. 

 



Section 2.7.6 
Revision No. 6 
Date: April 3, 2003 
Page 14 of 29  

 

ORIGINAL              MASTER COPY             CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

11.1.1.8 The material in the filter holder is defined as the solid 
phase of the sample, and the filtrate is defined as the liquid 
phase. 

 
Note: Some wastes, such as oily wastes and some paint 

wastes, will obviously contain some material that 
appears to be a liquid.  Even after applying vacuum 
or pressure filtration, this material may not filter.  If 
this is the case, the material within the filtration 
device is defined as a solid, and is carried through 
the extraction as a solid.  Do not replace the original 
filter with a fresh filter under any circumstances.  
Use only one filter. 

 
11.1.1.8 Determine the weight of the liquid phase by subtracting the 

weight of the filtrate container from the total weight of the 
filtrate-filled container.  Determine the weight of the solid 
phase from the weight of the sample by subtracting the 
weight of the liquid phase from the weight of the total 
sample.  See Section 12.0, Data Analysis and Calculations, 
for details. Record the weight of the liquid phase and solid 
phases. 

 
11.1.2 If the percent solids determined is equal to or greater that 0.5%, then 

proceed either to Section 11.1.3 to determine whether the solid material 
requires particle size reduction or continue with the next step if you notice 
that a small amount of the filtrate is entrained in wetting the filter.  If the 
percent solids is less than 0.5%, then proceed to Section 11.2.9 if the 
nonvolatile analysis is to be performed, and to step 11.3 with a fresh 
portion of the waste if the volatile 1312 analysis is to be performed. 

 
11.1.2.1 Remove the solid phase and filter from the filtration 

apparatus. 
 

11.1.2.2 Dry the filter and solid phase at 100 ± 20°C until two 
successive weighings yield the same value within ± 1%.  
Record the final weight. 

 
Note: Be careful to ensure that the subject solid will not 

flash upon heating.  The drying oven should be 
vented to a hood or other appropriate device. 
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11.1.2.3 Calculate the percent dry solids.  See section 12.0, Data 
Analysis and Calculations, for details. 

 
If the percent dry solids is less than 0.5%, then proceed to 
Section 11.2.9, if the nonvolatile analysis is to be 
performed.  If the percent dry solids is greater than or equal 
to 0.5%, and if the nonvolatile analysis is to be performed, 
return to the beginning of Section 11.1 and, with a fresh 
portion of sample, determine whether particle size 
reduction is necessary (Section 11.1.3). 

 
11.1.3 Preliminary determination of whether the sample requires particle-size 

reduction (particle-size is reduced during this step) 
 

11.1.3.1 Using the solid portion of the sample, evaluate the solid for 
particle size.  Particle-size reduction is required unless the 
solid has a surface area per gram of material equal to or 
greater than 3.1 cm2, or is smaller than 1 cm in its 
narrowest dimension (i.e., is capable of passing through a 
9.5-mm (0.375 inch) standard sieve.  If the surface area is 
smaller or the particle size larger than described above, 
prepare the solid portion of the sample for extraction by 
crushing, cutting, or grinding the waste to a surface area or 
particle size as described above. 

 
Note: Surface area criteria are meant for filamentous (e.g., 

paper, cloth, and similar) waste materials.  Actual 
measurement of surface area is not required, nor is 
it recommended.  For materials that do not 
obviously meet the criteria, sample-specific 
methods would need to be developed and employed 
to measure the surface area.  Such methods are 
currently not available. 

 
11.1.4 Determination of Appropriate Extraction Fluid 

 
11.1.4.1 For soils, if the sample is from a site that is east of the 

Mississippi River, extraction fluid #1 should be used.  If the 
sample is from a site that is west of the Mississippi River, 
extraction fluid #2 should be used. 

 
11.1.4.2 For wastes and wastewater, extraction fluid #1 should be used. 
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11.1.4.3 For cyanide-containing wastes and/or soil, extraction fluid #3 
must be used because leaching of cyanide-containing samples 
under acidic conditions may result in the formation of hydrogen 
cyanide gas. 

 
11.1.4.4 If the aliquot of the sample used for the preliminary evaluation 

was determined to be 100% solid, then it can be used for the 
extraction (assuming at least 25 g remain).  If the sample was 
subjected to the procedure in Step 11.1.1.7, then another aliquot 
must be used for the volatile extraction procedure.  The amount 
of solid necessary depends on whether a sufficient amount of 
extract will be produced to support the analyses.  If an adequate 
amount of solid remains, proceed to nonvolatile extraction. 

 
11.2 Procedure when Volatiles are not involved 

 
A minimum sample size of 100 g (solid and liquid phases) is required.  In some 
cases, a larger sample size may be appropriate depending on the solids content of 
the waste sample (percent solids); whether the initial liquid phase of the waste 
will be miscible with the aqueous extract of the solid; and whether inorganics, 
semivolatile organics, pesticides, and herbicides are all analytes of concern.  
Enough solids should be generated for extraction so that the volume of the SPLP 
extract will be sufficient to support all the analytes required. 

 
11.2.1 If the sample will obviously yield no liquid when subjected to pressure 

filtration, weigh out a subsample of the sample (100 g minimum) and 
proceed to Section 11.2.9. 

 
11.2.2 If the sample is liquid or multiphasic, liquid/solid separation is required. 

This involves the filtration device described in Section 6.0, Equipment and 
Supplies and is outlined in steps 11.2.3 to 11.2.8. 

 
11.2.3 Pre-weigh the container that will receive the filtrate. 

 
11.2.4 Assemble the filter holder and filter following the manufacturer's 

instructions.  Place the filter on the support screen and secure.  Acid wash 
the filter if evaluating the mobility of metals.   

 
Note: Acid washed filters may be used for all nonvolatile extractions 

even when metals are not of concern. 
 

11.2.5 Weigh out a subsample of the sample (100 g minimum) and record the 
weight on the leachate worksheet.  If the waste contains < 0.5% dry solids, 
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the liquid portion of the waste, after filtration, is defined as the 1312 
extract.  Therefore, enough of the sample should be filtered so that the 
amount of filtered liquid will support all of the analyses required of the 
1312 extract.  For wastes containing > 0.5% dry solids, use the percent 
solids information to determine the optimum sample size (100 g 
minimum) for filtration.  Enough solids should be generated by filtration 
to support the analyses to be performed on the 1312 extract. 

 
11.2.6 Allow slurries to stand no longer than 2 hours so that the solid phase can 

settle.  Samples may be centrifuged before filtration.  Use centrifugation 
only as an aid to filtration.  If the sample is centrifuged, the liquid should 
be decanted and filtered followed by filtration of the solid portion of the 
waste through the same filtration system. 

 
11.2.7 Quantitatively transfer the sample (liquid and solid phases) to the filter 

holder.  Spread the waste evenly over the surface of the filter.  If filtration 
of the waste at 4°C reduces the amount of expressed liquid over what 
would be expressed at room temperature, then allow the sample to warm 
up to room temperature in the device before filtering. 

 
Note: If waste material (>1% of the original sample weight) has 

obviously adhered to the container used to transfer the sample to 
the filtration apparatus, determine the weight of this residue and 
subtract it from the sample weight determined in section 11.2.5, to 
determine the weight of the waste sample that will be filtered. 

 
Gradually apply vacuum or gentle pressure of 1-10 psi, until air or 
pressurizing gas moves through the filter.  If this point is not reached 
under 10 psi, and if no additional liquid has passed through the filter in 
any 2-minute interval, slowly increase the pressure in 10-psi increments to 
a maximum of 50 psi. When the pressurizing gas begins to move through 
the filter, or when the liquid flow has ceased at 50 psi (i.e., filtration does 
not result in any additional filtrate within a 2-minute period), stop the 
filtration. 

 
Note: Instantaneous application of high pressure can degrade the glass 

fiber filter and may cause premature plugging; hence the need to 
slowly increase pressure. 

 
11.2.8 The material in the filter holder is defined as the solid phase of the sample, 

and the filtrate is defined as the liquid phase.  Weigh the filtrate.  The 
liquid phase may now be either analyzed or stored at 4°C until time of 
analysis. 
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Note: Some wastes, such as oily wastes and some paint wastes, will 

obviously contain some material that appears to be a liquid.  Even 
after applying vacuum or pressure filtration, this material may not 
filter.  If this is the case, the material within the filtration device is 
defined as a solid, and is carried through the extraction as a solid.  
Do not replace the original filter with a fresh filter under any 
circumstances.  Use only one filter. 

 
112.9 If the sample contains < 0.5% dry solids, and if particle-size reduction of 

the solid was needed, proceed to Section 11.2.13.  If the sample contains > 
0.5% dry solids, and if particle-size reduction of the solid was needed, 
proceed to Section 11.2.10.  If the sample as-received passes through a 
9.5-mm sieve, quantitatively transfer the solid material into the extractor 
bottle along with the filter paper used to separate the initial liquid from the 
solid phase, and proceed to Section 11.2.11. 

 
11.2.10 Prepare the solid portion of the sample for extraction by crushing, 

cutting, or grinding the waste to a surface area or particle-size as 
described in Section 11.1.3.  When the surface area or particle-size has 
been appropriately altered, quantitatively transfer the solid material into 
an extractor bottle.  Include the filter used to separate the initial liquid 
from the solid phase. 

 
Note: Sieving the waste is not normally required. Surface area 

requirements are meant for filamentous (e.g., paper or cloth) waste 
materials.  Actual measurement of surface area in not 
recommended.  If sieving is necessary, a Teflon-coated sieve 
should be used to avoid contamination of the sample. 

 
11.2.11 Determine the amount of extraction fluid to add to the extractor.  See 

section 12.0, Data Analysis and Calculation, for details. 
 

Slowly add this amount of appropriate extraction fluid to the extractor 
vessel.  Close the extractor body tightly (use Teflon tape to ensure a 
tight seal), secure in rotary extractor device, and rotate at 30 rpm ± 2 
rpm for 18 ± 2 hours.  Ambient temperature (i.e., room temperature at 
which extraction takes place) shall be maintained and at 23 ± 2°C during 
the extraction period.  Record the temperature in the Synthetic 
Precipitation Leaching Procedure Worksheet and initial and date the 
entry. 
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Note: As agitation continues, pressure may build up within the 
extractor bottle for some types of sample (e.g., limed or calcium 
carbonate-containing samples may evolve gases such as carbon 
dioxide).  To relieve excess pressure, the extractor bottle may be 
periodically opened (e.g., after 15 minutes, 30 minutes, and 1 
hour) and vented into a hood. 

 
11.2.12 Following the 18 ± 2 hour extraction, separate the material in the 

extractor vessel into its component liquid and solid phases by filtering 
through a new glass fiber filter.  For final filtration of the 1312 extract, 
the glass fiber filter may be changed, if necessary, to facilitate filtration.  
Filter(s) must be acid washed if evaluating the mobility of metals. 

 
11.2.13 Prepare the 1312 extract as follows: 

 
11.2.13.1 If the sample contained no initial liquid phase, the filtered 

liquid material obtained from Section 11.2.12 is defined as 
the 1312 extract. Proceed to Section 11.2.14. 

 
11.2.13.2 If compatible (e.g., multiple phases will not result on 

combination), combine the filtered liquid resulting from 
Section 11.2.12 with the initial liquid phase of the sample 
obtained in Section 11.2.7.  This combined liquid is defined 
as the 1312 extract. Proceed to Section 11.2.14. 

 
11.2.13.3 If the initial liquid phase of the waste, as obtained from 

Section 11.2.7, is not or may not be compatible with the 
filtered liquid resulting from Section 11.2.12, do not 
combine these liquids.  Analyze these liquids, collectively 
defined as the 1312 extract, and combine the results 
mathematically, as described in Section 11.2.14. 

 
11.2.14 After collecting the 1312 extract, you must record the pH of the extract 

on the leachate worksheet.  Immediately aliquot and preserve the extract 
for analysis.  Metals aliquots must be acidified with nitric acid (HNO3) 
to a pH <2.  If precipitation is observed when you add nitric acid to a 
small aliquot of the extract, then the remaining portion of the extract for 
metals analyses should not be acidified and the extract must be analyzed 
as soon as possible.  All other aliquots must be stored under refrigeration 
(4°C) until extraction is required.  The 1312 extract is prepared and 
analyzed according to appropriate analytical methods.  If the individual 
phases are to be analyzed separately, determine the volume of the 
individual phases (to ± 0.5%), conduct the appropriate analyses, and 
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combine the results mathematically by using a simple volume-weighted 
average.  See Section 12.0, Data Analysis and Calculations, for details. 

 
11.3 Procedure When Volatiles Are Involved 

 
11.3.1 The ZHE device has approximately 500 ml internal capacity.  The ZHE 

can accommodate a maximum of 25 grams of solid due to the requirement 
to add an amount of extraction fluid equal to 20 times the weight of the 
solid phase.  Charge the ZHE with sample only once and do not reopen the 
ZHE device.  Always try not to expose the volatile sample to the 
atmosphere any more than is absolutely necessary. 

 
11.3.2 When assembling the ZHE device, moisten the O-rings on the piston with 

extraction fluid.  Adjust the piston so that the volume in the ZHE is just 
sufficient to hold the amount of sample being used.  Secure the gas 
inlet/outlet flange onto the body and secure the glass fiber filter between 
the support screens and set aside.  Set the inlet/outlet flange aside. 

 
11.3.3 For samples that are 100% solid use the maximum 25 g for extraction.  

Record the weigh and proceed to Step 11.3.5. 
 

11.3.4 Filter enough of the sample so that the amount of filtered liquid will 
support all of the volatile analyses required.  For samples containing 
>0.5% dry solids, use the percent solids information obtained in 11.1.1 to 
determine the optimum sample size to charge into the ZHE.  Weigh out a 
sub-sample of the appropriate size and record the weight. 

 
Note: Some wastes, such as oil wastes and some paint wastes, will 

obviously contain some material that appears to be liquid.  But 
even after applying pressure filtration this material may not filter.  
If this is the case, the material within the filtration device is 
defined as a solid and is carried through the extraction as a solid.  

 
11.3.3.1 The recommended sample size is as follows: 

 
• For samples containing <5% solids, weigh out a 500 

gram sub-sample of waste and record the weight. 
 

• For waste containing >5% solids, determine the amount 
of waste to charge into the ZHE as shown in Section 
12.0, Data Analysis and Calculations. 
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11.3.5 If particle-size reduction of the solid portion of the sample was required in 
Step 11.1.3, proceed to Step 11.3.6.  If particle size reduction was not 
required, proceed to Step 11.3.7. 

 
11.3.6 Prepare the sample for extraction by crushing, cutting or grinding the solid 

portion of the waste to a surface area or particle size as described in Step 
11.1.3.1.  Waste and appropriate reduction equipment should be 
refrigerated to 4o C prior to particle size reduction.  Use mortar and pestle 
or other appropriate means to reduce particle size.  The means used to 
effect PSR should not generate heat. 

 
Note: Sieving of the waste is not recommended due to the possibility that 

volatiles may be lost. 
 

11.3.7 Waste slurries do not have to stand to permit the solid phase to settle.  Do 
not centrifuge, unless it can be done in the container that the sample came 
in originally. 

 
11.3.8 Quickly quantitatively transfer the weighed sample (liquid and solid 

phase) to the ZHE, securing the support of the screens and top flange.  
Tighten all ZHE fittings and place the device in a vertical position (gas 
flange on bottom).  Do not attach Tedlar bag. 

 
Slowly apply pressure (1-10 psi) by connecting the nitrogen gas line to the 
bottom coupling to decrease headspace in the ZHE until liquid is observed 
from the top flange.  Turn the pressure off and allow the waste to reach 
room temperature. 

 
11.3.9 Attach the filter to the ZHE, and apply pressure.  Gradually pressurize at 

1-10 psi to force any liquid out of the ZHE and into the Tedlar bag.  If 
no liquid appears or no more liquid has passed through the inlet/outlet 
valve on the top flange of the ZHE in a 2-minute interval, slowly 
increase the pressure in 10-psi increments to a maximum of 50 psi.  
After each incremental increase of 10 psi, if the pressurizing gas has not 
moved through the inlet/outlet valve and no liquid has passed in a 2-
minute interval, proceed to the next 10-psi increment.  Stop filtration 
when the pressurizing gas begins to move through the valve or when 
liquid flow has ceased at 50 psi.  This liquid should be saved and stored 
at 4°C until the leachate can be added to it. 
 
Note: Applying too much pressure, or applying it too quickly can 

degrade the glass fiber filter and may cause premature 
plugging. 
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11.3.10 The material inside the ZHE is described as the solid phase of the 

sample and the filtrate is defined as the liquid phase.  If the original 
waste contained <0.5% dry solids, this filtrate is defined as the extract 
ads is analyzed directly. 

 
11.3.11 Determine the weight of extraction fluid (reagent water) #3 to put in the 

ZHE.  Add the determined amount of extraction fluid to the ZHE 
through the inlet/outlet valve.  Use the pressure can with the needle 
valve on the bottom open to allow the piston to move inside.  Close the 
valves, disconnect the line from the pressure can, and manually agitate 
the ZHE device two or three times. 

 
11.3.12 Add extraction fluid as follows. 

 
11.3.12.1 Attach a line from the extraction fluid reservoir while the 

ZHE is in the vertical position.  The line should be pre-
flushed with fresh extraction fluid to eliminate any air 
pockets in the line.  Release gas pressure on the ZHE 
piston, open the liquid inlet/outlet valve, and begin 
transferring extraction fluid into the ZHE.  Continue 
pumping fluid into the device until the appropriate amount 
has been introduced. 

 
11.3.12.2 Close the valve, disconnect the extraction fluid line, and 

manually rotate end over end 2 or 3 times to ensure there is 
no leak.  Pressurize the ZHE to 5-10 psi with the liquid 
inlet/outlet valve open to vent headspace into the hood.  
Immediately release the pressure when you see liquid, and 
close the inlet/outlet valve.  Pressurize again at 5-10 psi to 
check that the ZHE fittings are secure, and that no leak is 
evident. 

 
Secure the ZHE device in the rotary agitation device and 
rotate at 30 ± 2 rpm for 16-20 hours.  Ambient temperature 
should be 23 ± 2°C during the extraction period. 

 
11.3.13 After agitation is complete, check each ZHE to ensure that no leak has 

occurred by quickly opening and closing the inlet/outlet valve.  If the 
ZHE device lost pressure, the sample must be extracted again. 

 
Apply pressure (5-10 psi) to the ZHE and use a Tedlar bag to collect the 
leachate. 
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11.3.14 If the waste contained no initial liquid phase (filtrate), the liquid material 

obtained from the extraction is defined as the SPLP extract. 
 

11.3.15 If compatible (i.e., will not form precipitate or multiple phases), the 
extracted filtered liquid phase of the waste as obtained in section 11.3.1 
is combined with the leachate from 11.3.7.8.  This combined liquid is 
defined as the SPLP extract. 

 
11.3.16 If the initial liquid phase of the waste is not compatible with the 

extracted liquid resulting, then these liquids are not combined.  These 
liquids are collectively defined as the SPLP extract, are analyzed 
separately, and the results are combined mathematically. 

 
11.3.17 Determine the weight of the liquid phase by subtracting the weight of 

the filtrate container.  The weight of the solid phase of the sample is 
determined by subtracting the weight of the liquid phase from the weight 
of the total waste sample.  Record the weight of the liquid and solid 
phases. 

 
11.3.18 Use whatever amount of solid is left in the ZHE extractor less than 25 g.  

If this does not support all necessary analyses, run multiple extracts of 
the sample and combine extracts before aliquoting. 

 
11.3.18 For multiphasic samples, repeat step 11.3.3, except collect the leachate 

separately in another Tedlar bag.  The initial fluid and the leachate 
should be analyzed separately and the results mathematically combined.   

 
11.4 Preparation Blank 

 
11.4.1 For each batch the preparation blank device should be made up of ZHE 

device pieces (barrel, piston, top flange, and base) etched with the same 
identification letter.  All the pieces for the device used for the first batch 
should be assembled with the letter "A" on them.  The pieces for the 
device used for the next batch will be lettered with a “B”.  The assembled 
pieces should be used in alphabetical order.  This is to ensure that the 
same device is not used for the preparation blank every time and that all 
devices are being cleaned after each batch.  The ZHE devices used for 
samples can have mixed numbered pieces when assembled. 

 
11.4.2 Once the ZHE device is assembled, follow the procedure for charging the 

ZHE device.  Charge the ZHE with 500 ml of extraction fluid. 
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11.4.3 The prep blank should be collected and stored in the same manner as the 
waste samples until analysis. 

 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 

12.1 Calculate the percent solids as follows: 
 

100x
wasteofweighttotal

solidofweight
solidsPercent =  

 
12.2 Calculate the percent dry solids as follows: 

 

100x
sampleofweightInitial

filterofweighttaredfilterplussampledryofWeight
solidsdryPercent

−
=

)(  

 
12.3 Determine the weight of waste to charge the ZHE as follows: 

 

100x
solidspercent

25ZHEechtowasteofWeight =arg  

 
12.4 Determine the amount of extraction fluid to add to the extractor vessel as follows: 

 

100
filteredwasteofweightxsolidsx20

fluidextractionofWeight
%

=  

 
12.5 If the individual phases are to be analyzed separately, determine the volume of the 

individual phases (to ± 0.5%), conduct the appropriate analyses, and combine the 
results mathematically by using a simple volume-weighted average 

 

2V1V
2C2V1C1V

ionconcentratanalyteFinal
+
+

=
))(())((  

 
where: V1 =  the volume of the first phase (L) 

C1 =  the concentration of the analyte of concern in the first phase (mg/L) 
V2 =  the volume of the second phase (L) 
C2 =  the concentration of the analyte of concern in the second phase 

(mg/L) 
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13.0 Method Performance 
 

Method performance is monitored through the use of sample duplicates at the rate of one 
in 20.  Percent difference values are calculated. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, H2SO4, NaOH, ZN acetate are hazardous and must 
be neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 
16.1 U.S. EPA CLP SOW OLC02.1, OLC03.2, OLM04.2, OLM04.3, ILM04.1, ILM05.2, 

ILM05.3, plus revisions 
 
16.2 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, SW846, 3rd 

Edition, Update III, 12/96,  “Synthetic Precipitation Leaching Procedure,” Method 1312. 
 
16.3 Methods for Chemical Analysis of Water and Wastes, March 1983 
 
16.4 Standard Methods for the Examination of Water and Wastewater, 20th (1998) Edition, 

Method 1080 
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16.5 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 

 
16.6 New York State Analytical Services Protocol (NYSASP), 6/2000, plus revisions 
 
16.7 QCSOP: Proper Documentation Procedures 
 
16.8 QCSOP: Numerical Data Reduction 
 
16.9 “Less is Better: Laboratory Chemical Management for Waste Reduction,” American 

Chemical Society Department of Government Relations and Science Policy, 1155 16th 
Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.10 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and “Spill 

Control & Cleanup.” 
 
16.11 NELAC Standards, June 2000, plus revisions 
 
16.12 QA-G6: Guidance for the Preparation of Standard Operating Procedures for Quality-

Related Operations EPA/600/R-96/027, November 1995. 
 
16.13 New York State Environmental Laboratory Approval Program, Certification Manual, 

October 15, 1999, plus revisions. 
 
16.14 CompuChem Quality Manual, Revision 4, 12/10/04, plus revisions 
 
16.15 Sample Control SOP 4.1, “Receiving Samples” 
 
16.16 Sample Control SOP 4.6, “Storing Samples” 
 
16.17 QC SOP 13.16, “Top Loading Balance Calibration and Maintenance.” 
 
16.18 Sample Preparation Procedure SOP –157, “pH Measurement for Solid Samples by EPA 

CLP and NYSASP.” 
 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1--SPP-818 Synthetic Precipitation Leaching Procedure Worksheet 
 

17.2 Attachment 2--Example of the TCLP Laboratory pH Meter Calibration Logbook 
 

17.3 Attachment 3--Example of the TCLP Laboratory Balance Calibration Logbook 
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Attachment 1 
CompuChem a division of Liberty Analytical Corp. Logbook 2 YY 1 

Corning pH-30 Meter Calibration Log 
Buffer 2.00 Buffer 4.00 Buffer 10.00 Date Initials 

 
 

If reading are not within ± 0.05 pH units of 2.00, 4.00, and 10.00, contact supervisor immediately. 
The pH meter cannot be used if readings are not within ± 0.05 pH units of the buffer solution value. 

 

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     
 
 
Reviewed by: __________________________________ Date: ____________________ 
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Attachment 2 
 

CompuChem a division of Liberty Analytical Corp. Logbook 2 PP 3 
Top Loading Balance Calibration Log: Ohaus E400 

Organic Prep. Lab 
 
 
Balance serial no.: 1300851               Weight Set serial no.: 45824 

Date 
 

1.00 g 
(±0.03g) 

10.00 g 
(±0.05g) 

30.00 g 
(±0.07g) 

50.00 g 
(±0.10g) 

Initials Comments 

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

NOTE:  Balance is tared with weighing vessel (i.e., weigh boat, beaker, etc.) prior to recording  
standard weight values. 

 
 
 
Reviewed By: ________________________________________ Date: __________________ 

3/25/02:dce 
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Attachment 3 
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Instrument Procedure 309: Inductively Coupled Plasma Atomic Emission Spectroscopy by 
SW-846 and NYSASP 

 
 
1.0 Scope and Application 
 

Inductively coupled plasma/atomic emission spectroscopy (ICP/AES) is used in the 
determination of elements in solution including metals.  The method is applicable to a 
large number of metals and wastes.  All matrices, including groundwater, aqueous 
samples, EP extracts, industrial wastes, soils, sludges, sediments, TCLP leachates, and 
other solid wastes, require digestion prior to analysis. 

 
Method 6010B is applicable to the elements listed in Attachment 1 for Trace ICP P3 and 
Attachment 2 for Trace ICP P4.  For TCLP the following elements are to be determined:  
arsenic, barium, cadmium, chromium, lead, selenium, and silver.  Detection limits, 
sensitivity, and optimum ranges of the metals will vary with the matrices and model of 
spectrometer.  The data shown in these attachments are provided from clean aqueous 
samples. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies.  Use of 
this method is restricted to spectroscopists who are knowledgeable in the correction of 
spectral, chemical, and physical interferences. 

 
2.0 Summary of Method 
 

Prior to analysis, samples must be solubilized or digested following Sample Preparation 
Procedure –1080, “Digestion Block Preparation of Aqueous Samples for the ICP 
Determination of Total or Dissolved Metals by SW-846, MCAWW, Standard Methods, 
and NYSASP” or Sample Preparation Procedure –240, “Digestion Block Preparation of 
Solid Samples for ICP Determination of Total Metals by SW-846 and NYSASP.”  TCLP 
samples must be leached following Sample Preparation Procedure –814, “Toxicity 
Characteristic Leaching Procedure (TCLP)” after which the leachates are digested as 
liquid samples using the TCLP spiking levels. 
 
Method 6010B is executed by the laboratory using the simultaneous, multielemental 
determination of elements by ICP.  The method measures element-emitted light by 
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optical spectrometry.  Samples are nebulized and the resulting aerosol is transported to 
the plasma torch.  Element-specific atomic-line emission spectra are produced by a radio-
frequency inductively coupled plasma.  The spectra are dispersed by a grating 
spectrometer, and the intensities of the lines are monitored by photomultiplier tubes.  
Background correction is required for trace element determination.  Background must be 
measured adjacent to analyte lines on samples during analysis.  The position selected for 
the background-intensity measurement, on either or both sides of the analytical line, will 
be determined by the complexity of the spectrum adjacent to the analyte line.  The 
position used must be free of spectral interference and reflect the same change in 
background intensity as occurs at the analyte wavelength measured.  Background 
correction is not required in cases of line broadening where a background correction 
measurement would actually degrade the analytical result.  The possibility of additional 
interferences should also be recognized and appropriate corrections made.  Three 
exposures are averaged to obtain a final result. 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For some inorganic methods, the reporting 
limit is based on the MDL, and is usually 4-8 times higher than the MDL.  This is 
referred to as the Practical Quantitation Limit (PQL).   

 
If the low level standard concentration is not at least three times higher than the 
MDL value, the standard concentration is adjusted upward in order to achieve this 
minimal ratio.  It may be adjusted higher than three times depending on the 
concentration range of the calibration curve and the ability to meet method 
linearity requirements.  An exception to this is for CLP methods where the MDL 
is only required to be lower than the reporting limit. 

 
For CLP the reporting limit is the Contract Required Detection Limit (CRDL) for 
inorganics. 

 
3.3 Reporting Units – μg/L for water and mg/Kg for soil 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 
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• each 7 calendar day period during which field samples in a case are 
received (14 calendar days if requested by the client) beginning with the 
receipt of the first sample. 

 
NOTE: The DoD-QSM and SC DHEC do not accept the SDG approach, unless 

the samples are prepared in a single batch.  When a group of up to 20 
field samples of a similar matrix are prepared as one batch, method-
specified QC samples such as a method blank, laboratory control 
sample, matrix spike, matrix spike duplicate, and matrix duplicate must 
also be prepared together at a rate of 5% for DoD-QSM and SC DHEC 
soils while a rate of 10% is require for SC DHEC waters.  If samples are 
batched together from different sites, project-specific QC must be 
processed. 

 
3.5 Toxicity characteristics constituents and regulatory levels for TCLP 

 

Constituent 
(mg/L)  

Chronic toxicity 
reference level 

(mg/L) 

Regulatory 
level (mg/L) 

Arsenic 0.05 5.0 
Barium 1.0 100.0 

Cadmium 0.01 1.0 
Chromium 0.05 5.0 

Lead 0.05 5.0 
Mercury 0.002 0.2 
Selenium 0.01  1.0 

Silver 0.05 5.0 
 

3.6 SC DHEC – South Carolina Department of Health and Environmental Control 
 
3.7 DoD-QSM – Department of Defense Quality Systems Manual 

 
4.0 Interferences 
 

4.1 Spectral Interferences are caused by:  (1) overlap of a spectral line from another 
element;  (2) unresolved overlap of molecular band spectra; (3) background 
contribution from continuous or recombination phenomena; and (4) stray light 
from the line emission of high-concentration elements.  Spectral overlap can be 
compensated for by computerized correction of the raw data after monitoring and 
measuring the interfering element.  Unresolved overlap requires selection of an 
alternate wavelength.  Background contribution and stray light can usually be 
compensated for by a background correction adjacent to the analyte line. 
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Users of simultaneous multi-element instruments must verify the absence of 
spectral interference from an element in a sample for which there is no instrument 
detection channel.  Potential spectral interferences for the recommended 
wavelengths are given in the table in Attachment 1.  The data are intended as 
rudimentary guides for indicating potential interferences; for this purpose, linear 
relations between concentration and intensity for the analytes and the interferents 
can be assumed. 

 
4.1.1 The interference is expressed as analyte concentration equivalents (i.e., 

false analyte concentrations) arising from 100 mg/L of determined As (at 
193,696 ηm) in a sample containing approximately 10 mg/L of Al.  
According to Attachment 1, 100 mg/L of Al would yield a false signal for 
As equivalent to approximately 1.3 mg/L.  Therefore, the presence of 10 
mg/L of A1 would result in a false signal for As equivalent to 
approximately 0.13 mg/L.  The user is cautioned that other instruments 
may exhibit somewhat different effects and must be evaluated individually 
since the intensities will vary with operating conditions, power, viewing 
height, argon flow rate, etc. 

 
4.1.2 The dashes in Attachment 1 indicate that no measurable interferences 

were observed even at higher interferent concentrations.  Generally, 
interferences were discernible if they produced peaks, or background 
shifts, corresponding to 2 to 5% of the peaks generated by the analyte 
concentrations. 

 
4.1.3 At present, information on the listed silver and potassium wavelengths is 

not available, but it has been reported that second-order energy from the 
magnesium 393.231 ηm wavelength interferes with the listed potassium 
line at 766.491 ηm. 

 
4.2 Physical Interferences are effects associated with the sample nebulization and 

transport processes.  Changes in viscosity and surface tension can cause 
significant inaccuracies, especially in samples containing high dissolved solids or 
high acid concentrations.  If physical interferences are present, they must be 
reduced by diluting the sample, by using a peristaltic pump or by using the 
standard additions method.  Another problem that can occur with high dissolved 
solids is salt buildup at the tip of the nebulizer, which affects aerosol flow rate 
and causes instrumental drift.  The problem can be controlled by wetting the 
argon using a tip washer prior to nebulization or by diluting the sample.  Also, it 
has been reported that better control of the argon flow rate improves instrument 
performance; this is accomplished with the use of mass flow controllers. 
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4.3 Chemical Interferences include molecular compound formation, ionization 
effects, and solute vaporization effects.  Normally, these effects are not significant 
with the ICP technique.  If observed, they can be minimized by careful selection 
of operating conditions (incident power, observation position, and so forth), by 
buffering of the sample, by matrix matching, and by standard addition procedures.  
Chemical interferences are highly dependent on matrix type and the specific 
analyte element. 

 
4.4 The Thermo Jarrell Ash ICAP Trace Analyzer uses yttrium as an internal standard 

and takes into account any interference by ratioing the elements detected against 
the yttrium detected.  All standards, blanks, and samples are spiked with yttrium. 

 
5.0 Safety 
 

5.1 Appropriate protective equipment and clothing must be used under the 
assumption that all samples are potentially hazardous.  During sample 
preparation, glasses, gloves and lab coats are a minimum requirement.  The 
persistent presence of noxious odors may be indicative of failure of the laboratory 
ventilation system and must be reported to a supervisor or manager. 

 
5.2 Laboratory staff are encouraged to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets (MSDS) for solvents and 
reagents used in the laboratory.  The MSDS are located in the Quality Assurance 
department. 

 
6.0 Equipment & Supplies 
 

6.1 Inductively coupled argon plasma emission spectrometer 
 

6.1.1 Computer-controlled emission spectrometer with background correction 
 

6.1.2 Radio frequency generator 
 

6.1.3 Argon gas supply: Welding grade or better 
 

6.2 Operating conditions 
 

6.2.1 The analyst should follow the instructions provided by the instrument 
manufacturer. 

 
6.2.2 For operation with organic solvents, use of the auxiliary argon inlet, 

solvent-resistant tubing, increased plasma (coolant) argon flow, decreased 
nebulizer flow, and increased RF power (to obtain stable operation and 
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precise dynamic range) are recommended.  Interference effects must be 
established for each individual analyte line on that particular instrument. 

6.2.3 All measurements must be within instrument linear range where 
coordination factors are valid.  The analyst must 

 
• verify that the instrument configuration and operating conditions 

satisfy the analytical requirements 
 

• maintain quality control data confirming instrument performance and 
analytical results 

 
7.0 Reagents & Standards 
 

Refer to the Standards/QC Preparation for Trace ICP logbook (Attachment 4) for details 
of all standard preparations.  Label each standard bottle with the lot number as described 
in the logbook. 

 
7.1 Reagent Water-All water used during preparation should be reagent-grade Type I 

with regard to resistivity of > 10 megohm-cm (20th Edition of Standard Methods, 
Method 1080), and referred throughout this SOP as DI water. 

 
7.2 Concentrated acids – ultra high-purity grade 

 
7.2.1 Hydrochloric acid (HCl), Caledon, Trace Metal Grade 

 
7.2.2 Nitric acid (HNO3), J.T. Baker,  Instra-Analyzed® Reagent 

 
7.2.3 The same grade/purity of acids is to be used for all sample preparation, 

calibration standards, blanks, and QC samples. 
 

7.3 Stock standard solutions – commercially available 
 

7.3.1 Standard stock solutions may be purchased from Spex (XCL-11, XCL-2, 
XCL-3B, and PLSBR, and STD3). 

 
7.3.2 Label and refer to these solutions as Calibration Standards. 

 
7.3.3 Refer to the QC/Standards Prep for Trace ICP Logbook for details. 

 
7.3.4 Prepare calibration standards bi-monthly. 
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7.3.5 Calibration standards must be verified using an independent source EPA 
Quality Control sample immediately after instrument calibration. 

 
7.4 Instrument Check Standards 

 
7.4.1 Prepare calibration blanks using the same acid volumes as used for 

calibration standards, i.e. 5% HCl and 6% HNO3. 
 

7.4.2 Prepare and analyze interference check samples (ICSA/ICSAB) to check 
for spectral interferences. 

 
7.4.3 Analyze a Low Range Standard (LRS), which is at the level of the 

reporting limit, after the CCB 1. 
 

7.5 Internal Standard 
 

7.5.1 For the TJA Trace analyzer, yttrium is introduced into the sample 
injection system as an internal standard.  See the Standards/QC 
Preparation for Trace ICP logbook for instructions on making the yttrium 
internal standard. 

 
8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control SOP 
4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are 
also listed. 

 
8.2 All samples must be preserved to a pH <2 with HNO3. 

 
8.3 Samples must be digested and analyzed within 180 days of collection. 

 
8.4 Soil samples must be stored under refrigeration at 2 - 4o C.  Aqueous samples 

may be stored at ambient temperature. 
 

8.5 After analysis residual digestate is maintained in the ICP room for three months 
then returned to the Custodian for storage until disposal into the acid waste 
stream. 

 
9.0 Quality Control 
 

9.1 Instrument Detection Limit 
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9.1.1 IDLs are determined quarterly for each wavelength used for sample 
analyses. 

 
9.1.2 IDLs are determined by multiplying by three, the average of the standard 

deviations obtained on three non-consecutive days (e.g., Monday, 
Wednesday, and Friday) from the analysis of a standard solution (each 
analyte in DI water) at a concentration of three to five times the most 
recently determined IDL with seven consecutive measurements per day. 

 
9.1.3 The IDL for each analyte must be less than the analyte reporting limit. 

 
9.1.3.1 To meet the requirements of the DoD-QSM, the IDL must be less 

than or equal to the MDL for each analyte.  
 

9.2 Linear Range 
 

9.2.1 The linear range for each ICP-AES instrument must be verified quarterly. 
 
9.2.2 Analyze a high concentration standard, linear range standard (LRS), 

during a routine analytical sequence.  This concentration is the upper limit 
of the ICP-AES linear range. 

 
9.2.3 The recovery of the LRS must be within plus or minus 5% of the expected 

value. 
 

9.2.4 Samples with concentrations exceeding the linear range must be diluted. 
 

9.2.5 For DoD-QSM and North Carolina compliance reporting, the linear range 
is defined by the highest calibration standard. 

 
Note: A high calibration standard that encompasses the concentration of 

the samples may be used to bracket the sample analyses.  This high 
standard must meet the acceptance criteria in 9.2.3 or 9.2.5. 

 
9.3 Initial Calibration Verification (ICV) 

 
9.3.1 The following solutions are used to verify the calibration: 

 
• ICV1 (Ag, Al, As, Ba, Be, Bi, Cd, Ca, Cr, Co, Cu, Fe, Mg, Mn, Mo,  

Ni, Pb, Sb, Se, Sn, Ti, Tl, B, K, Na, V, and Zn) 
 

• Initial Calibration Blank = (ICB) 
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9.3.2 The results of the initial calibration verification must agree within 10% of 

the "true" value for each component.  If not, the run must be terminated 
and the instrument re-calibrated.  If the re-calibration does not produce 
acceptable ICV results, shut down the instrument and request instrument 
service. 

 
9.3.3 Follow the ICV with the ICB.  The laboratory will deviate from the 

method for calibration blank acceptance criteria by substituting the 
following: The absolute value of the blank must be less than the 
statistically-determined laboratory reporting limit (PQL).  If not, repeat 
the blank analysis, and if still above the limit terminate the analysis and 
recalibrate.  If re-calibration does not produce acceptable ICB results, shut 
down the instrument and request instrument service. 

 
9.3.3.1 To meet the requirements of the DoD-QSM, the analyte 

concentration in the ICB must be less than 2 times the MDL. 
 

9.4 Continuing Calibration Verification 
 

9.4.1 Verify the calibration every 10 samples and at the end of analytical run. 
 

9.4.2 The results of the check standard must agree within ± 10% of the true 
value.  If not, terminate the analysis, correct the problem, and recalibrate 
the instrument. 

 
9.4.3 Samples bracketed by passing CCVs are reportable.  Any sample 

associated with a failing CCV must be re-analyzed. 
 

9.5 Continuing Calibration Blank (CCB) 
 

9.5.1 A calibration blank must be analyzed at each wavelength used for analysis 
immediately after every continuing calibration verification at a frequency 
of 10% or every 2 hours during the run, whichever is more frequent. 

 
9.5.2 The laboratory will deviate from the method for calibration blank 

acceptance criteria by substituting the following: The absolute value of the 
blank (average of the three exposures) must be less than the statistically-
determined laboratory reporting limit (PQL).  If not, repeat the blank 
analysis and if still above the limit, terminate the analysis, correct the 
problem, and recalibrate the instrument. 
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9.5.2.1 To meet the requirements of the DoD-QSM, the analyte 
concentration in the CCB must be less than 2 times the MDL. 

 
9.6 Interference Check Sample 

 
9.6.1 Analyze the standard reference solutions obtained from EPA or NIST.  

The interference Check samples (ICSA and ICSAB) are analyzed 
consecutively at the beginning and the end of the analytical run and 
analyzed and reported at a frequency no greater than 20 analytical 
samples. 

 
9.6.2 The ICS must agree within +/-20% of the accepted values.  If not 

terminate the analysis and recalibrate the instrument.  If re-calibration 
does not fix the problem, shut down the instrument and request instrument 
service. 

 
9.6.2.1 To meet the requirements of the DoD-QSM, the absolute value of 

the concentration of all the non-spiked analytes in the ICS-A must 
be < 2 times the MDL (unless the analyte is a verified trace 
impurity from one of the spiked analytes). 

 
9.7 Low Range Standard (LRS) 

 
9.7.1 Analyze a standard at the reporting limit.  This reporting limit standard is 

used to verify linearity and the ability to detect low levels reliably. 
 

9.7.2 The advisory acceptance criteria for this standard is +/- 50% of the true 
value. 

 
 

9.7.2.1 To meet the requirements of the DoD-QSM, the recovery of each 
analyte in the LRS must fall within +/- 20% of the true value. 

 
9.8 Method Blank 

 
9.8.1 For each digestion batch of up to 20 samples, 10 samples for SC DHEC 

waters, a method reagent blank is prepared.  This blank is used to 
ascertain whether sample concentrations reflect contamination. 

 
9.8.2 The blank must contain absolute values of analyte concentrations below 

the reporting limit (PQL).  If the blank exceeds the reporting limit, the 
entire sample batch must be re-prepared along with a new method blank. 

 



Section No. 3.2.1.6 
Revision No. 15 
Date: August 4, 2006 
Page 12 of 37 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

If the concentration of any analyte detected in the blank falls between the 
PQL and IDL, flag the corresponding blank element, if present in any 
associated samples, with a "B" and report the data with a discussion in the 
SDG narrative. 
 
9.8.2.1 To meet the requirements of the DoD-QSM, the concentration of 

the target analytes in the method blank must be < half the reporting 
limit. 

 
9.8.3 For samples submitted for North Carolina compliance reporting, the 

concentration of target analytes detected are reported between the MDL 
and PQL with a “J” flag.  Any analytes detected in preparation blanks 
cannot be greater than one-half the PQL. 

 
9.9 Spiked Sample 

 
9.9.1 One matrix spike/matrix spike duplicate (MS/MSD) pair must be prepared 

with each SDG.  For SC DHEC water samples a duplicate is performed at 
a frequency of 10%. 

 
9.9.2 If the sample spikes do not meet the acceptance criteria of 75-125% 

recovery, the corresponding element is flagged with an "N" on the Form 1 
to indicate that the element did not recover in the matrix spike acceptably.    
A post-digestion spike is performed for those elements that fall outside the 
limit. 

 
9.9.2.1 To meet the requirements of the DoD-QSM, the recoveries of the 

matrix spike should meet the LCS control limits. 
 

9.9.3 Post Digestion Spike (PDS) 
 

9.9.3.1 Prepare and analyze a PDS, if necessary.  The spike addition 
should result in a value that is 2x the PQL. 

 
9.9.3.2 The PDS results should be within 75% to 125%.  If not, the data 

are reported and discussed in the SDG narrative. 
 

No further action is taken at the bench since the internal standard, 
yttrium, is employed.  The instrument uses the element intensity as 
an internal standard to ratio the analyte intensity signals for both 
calibration and quantitation.  This technique is very useful in 
overcoming matrix interference, especially in high solids matrices. 
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9.10 Duplicate Sample Analysis 
 

9.10.1 One duplicate sample should be performed for each SDG.  SC DHEC 
requires a duplicate to be performed at the rate of 10%, and this is 
satisfied with the use of the MS/MSD and sample duplicate. 

 
9.10.2 If the sample and duplicate do not agree within 20% RPD when the 

concentration is greater than 10x the IDL, then the affected element is 
flagged with an "*" to indicate poor duplication of results. 

 
9.11 Laboratory Control Sample 

 
9.11.1 A matrix-specific Laboratory Control Sample (LCS) is prepared with 

every digestion batch of up to 20 samples.  SC DHEC requires a 
frequency of one per 10 water samples. 

 
9.11.2 The vendor supplies the certified acceptance limits for the solid LCS.  The 

limits of 80-120% are subject to change without notice based upon the 
current vendor supplied limits.  If the LCS falls outside these control 
limits, the analysis must be terminated, the problem corrected, and the 
samples associated with that LCS re-digested and reanalyzed. 

 
9.11.2.1 To meet the requirements of the DoD-QSM, the LCS recoveries 

must be within 80 – 120% of the expected result. 
 

9.12 Serial Dilution 
 

9.12.1 One serial dilution must be performed for each SDG. 
 

9.12.2 Perform a 5x serial dilution on the sample to determine if a chemical or 
physical interference exists.  If the analyte concentration is 50 times or 
more above the instrument detection limit in the original sample, the serial 
dilution must then agree within 10%.  If not then flag the appropriate 
elements with an "E" to indicate that an interference exists. 

 
9.12.2.1 To meet the requirements of the DoD-QSM, a PDS must be 

prepared and analyzed when the serial dilution acceptance critria 
are not met or all sample analyte concentrations are less than 50 
times the MDL. 

 
9.13 Field and/or Equipment Blanks 
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9.13.1 Samples identified as field and/or equipment blanks should not be used for 
sample spike, duplicate, or serial dilution analysis.  They are supplied to 
the laboratory at the discretion of the client. 

 
9.14 Contingency 

 
9.14.1 If due to a lab accident or to QC failures, a re-preparation and analysis are 

required for the sample and insufficient sample volume remains, the 
Project Manager must be alerted and will contact the client for direction 
on how to proceed. 

 
9.14.2 If persistent contamination occurs in the laboratory, analysis must be 

halted until the source of the contamination can be identified and isolated.  
When the contamination issue is resolved, samples analysis may proceed. 

 
9.14.3 Refer to the corresponding Data Review SOP (number will vary among 

sections) for information on how to handle reporting of data that are 
unacceptable or out-of-control. 

 
9.14.4 Any other issues that potentially effect data quality should also be 

addressed with the Project Manager. 
 
10.0 Calibration & Standardization 
 

10.1 The instrument calibration standards are analyzed at the beginning of the 
analytical sequence, in the order shown in the Trace ICP run log (Attachment 3).  
Calibration is further discussed in the Procedure section that follows.  

 
10.2 All calibration verification standards must meet the criteria specified in section 

9.0 before proceeding with sample analysis. 
 
11.0 Procedure 

 
Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures. 

 
11.1 TJA Trace Analyzer Set Up and Operating Procedure 

 
11.1.1 Cooling Water 

 
11.1.1.1 Turn on the recirculation pump.  Thirty (30) psig is required at a 

flow rate of 700 ml/min. 
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11.1.2 Argon Supply 
 

11.1.2.1 Open the argon supply to the instrument. 
 

11.1.2.2 A volume rate of 30 SCFH and delivery pressure of 60 psig is 
required. 

 
11.1.3 Venting System 

 
11.1.3.1 A permanent vent has been installed to provide a proper draft in 

the torch compartment.  A torch fan is permanently installed to 
force a 22 mph-draft across the end of the plasma torch. 

 
11.1.4 Water in Drain Barrel 

 
11.1.4.1 A hose is connected to the drain outlet from the spray chamber 

to allow the flow of unused sample waste from the chamber.  
This drain line acts as a positive seal to the spray chamber; 
therefore, liquid must always be present in the drain line. 

 
11.2 Power Up (TJA Trace Analyzer) 

 
11.2.1 To start the ICP Trace Analyzer, turn on the video display, the printer, the 

computer, and the autosampler. 
 

11.2.2 At the "C" prompt, Type "P" and press “ENTER.”  This will start the 
Thermospec™ software and bring up the main menu. 

 
11.2.3 To start the RF generator and the plasma torch, select “SETUP.”  Then 

select “PLASMA CONTROL PANEL” and press “ENTER.”  Select “F1.” 
 

11.2.4 The default startup time, during which argon purges the spray chamber 
and the plasma torch, is 90 seconds.  The purge time can be reduced to as 
little as 20 seconds by pressing “PURGE TIME” if the plasma has been 
off for less than 15 minutes. 

 
11.2.5 After the purge time and power have been set, the automated plasma 

startup sequence is initiated by pressing “CONTINUE.” 
 

11.2.6 If the pump and gas have not been started, select “F2” and start the pump 
rate at 99 RPM and switch the nebulizer gas to “ON.” 

 
11.2.7 The total flush time and rinse time between samples is set at 60 seconds. 
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11.2.8 Press “LEVELS” if you want to change any of the plasma operating 

conditions. 
 

11.2.9 The plasma torch should be allowed to run for at least 30 minutes after 
ignition to reach optimum stability. 

 
11.2 Analysis 

 
11.2.1 Profile 

 
11.2.1.1 Profiling the instrument assures that the optical pathway is 

clean and in alignment.  Emission intensities are essential to 
accurate data. 

 
11.2.1.2 At the THERMOSPEC main menu, select setup and highlight 

profile then enter. 
 

11.2.1.3 Begin aspirating 1ppm As standard for analysis. 
 

11.2.1.4 Press F3 to Automatic Profile.  When the sample is sufficiently 
saturating the spray chamber and torch (60 seconds), press 
“F1”, “RUN”. 

 
At the end of the integration, a peak graph will be displayed.  
Note the intensity reading.  This will indicate a need to clean 
the optical path or adjust the alignment. 

 
Also note the peak position on the graph.  This value should be 
between 0.1 and –0.1.  If it is not, the spectrum shifter must be 
adjusted, and the profile rerun.  Continue this process until the 
peak position is acceptable. 

 
11.2.1.5 Discontinue the arsenic when profiling is complete.  Exit 

profile to the main menu. 
 

11.3 Autosampler Table Setup 
 

11.3.1 Obtain all data necessary from each case that will be set up on the run, i.e. 
preparation logs, log-in chain of custody reports from the LIMS 
(Attachment 6).  The information contained on these sheets will be used to 
create the autosampler table. 
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11.3.2 From the main menu of Thermospec, select “OPERATION,” and then 
“Autosampler Setup,” then press enter.  The software will prompt for an 
autosampler table name.  An existing table can be edited from this point, 
or a new autosampler table name can be typed in at this point.  Press enter.  
Press F3 “Add Set.”  Enter the appropriate run parameters to be used.  
Parameters that should always be entered here are Method Name, Rinse 
Time (60 seconds), # of Unknowns in this set, Default Limit Check Table 
Name (Sample).  Press the F1 “EdSamples” key.  This will allow for 
sample IDs to be entered. 

 
11.3.3 Under the column titled “Sample Name,” enter the CompuChem sample 

ID.  Be certain the proper check table is selected for each analysis that is 
assigned.  The “F” key allow for various modifications to the autosampler 
table.  Use these keys as necessary.  It is very important that the proper 
QC samples be inserted into the table at the necessary frequencies.  See 
section 9.0 for a description of necessary QC and frequencies. 

 
11.3.4 Also, if the “Alt” key on the keyboard is pressed, additional options will 

appear.  One of these options is “EdSampInfo.”  This option is selected by 
pressing the “Alt” key and the “F2” key simultaneously.  From this screen, 
additional comments can be added that will appear on the raw data 
printout.  Under the column titled “Comment,” the SDG, client sample ID 
and dilution of the sample should be entered. 

 
11.3.5 When all entries are finished, press the “F9,” Done/Keep key to save the 

table.  It is important to remember the name of the table created, as this 
will be used to start the analysis. 

 
11.3.6 Create a configuration file to store all analytical data.  From the main 

menu of THERMOSPEC select “SETUP” and highlight 
“CONFIGURATION.”  Press “Enter” twice then “F9” four times.  This 
will provide the screen to enter the configuration file name.  
Configuration file names should identify the analyst and the date of the 
analysis, as well as the instrument being used (P3 or P4).  Use the 
following scheme (iimmdd) to construct the file name.  The letter "i" for 
initials, the "m" for the month, and the letter "d" for the day.  If there are 
more runs in a day, letters of the alphabet are used as a suffix.  In this 
example: P3JCQ922B, identifies a third run on September 22 by analyst 
JC on instrument P3.  JUNK files should be used between analyses to 
prevent files from being corrupted with other data. 

 
11.3.7 Proceed to analysis.  From the main menu of THERMOSPEC select 

“OPERATION.”  Highlight “ANALYSIS” then “Enter.”  Confirm that 
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the correct method is being used and select the autosampler table to be 
used.  Continue to follow on-screen instructions to initiate the run. 

 
IMPORTANT: If the run should fail at any time, remember to change 
the configuration file name before restarting the analytical run. 

 
11.4 Standardization and Analysis 

 
11.4.1 Start autosampler table and follow the instructions. 

 
11.4.1.1 Select “Operation” and highlight “Analysis.” 

 
11.4.1.2 Enter the correct method of analysis and select the autosampler 

table for samples to be analyzed. 
 

11.4.2 Solid samples and liquid samples have different matrices due to sample 
preparation procedures.  Calibration standards and quality control 
standards should be prepared to match the matrix of the samples being 
analyzed.  While constructing autosampler tables, give consideration to 
the matrix of the samples. 

 
11.4.3 Fill all standards cups and QC cups with the appropriate solutions 

following the sequence hardcoded on the Trace ICP Run Log 
(Attachment 5.)  The autosampler table provides the information for cup 
positions.  Standards cups positioning may change depending on the 
number of samples. 

 
Caution: Accuracy of the sequence setup is extremely important.  

Improper cup positioning will seriously affect analysis to 
the point that there may not be any salvageable data. 

 
11.4.4 Press “F1” to begin the analytical run. 

 
Caution: Sample racks should be loaded accurately following the 

rows and positions provided by the autosampler table.  
Samples in the wrong position can produce erroneous data 
that may not be detectable. 

 
11.4.5 Although, software drives the instrument operation, the instrument 

should not be left completely unattended.  In the course of the run, 
matrix spike analyses must be evaluated to determine percent recoveries.  
Some samples will have concentrations of analytes that are beyond the 
established linear ranges and will need to be diluted and reanalyzed 
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within those ranges.  For samples submitted for North Carolina 
compliance reporting, dilutions and re-analyses are required whenever 
target analytes exceed the highest calibration standard.  Serial dilution 
analyses should be evaluated for proper dilution.  Responding to the 
need for dilutions or a PDS analysis quickly within the same analytical 
run saves time by not requiring an additional run and improves 
productivity. 

 
11.4.6 Attention should be given to the QC analyses.  Analytes may be found to 

be outside of their established control limits.  The loss of one or more 
analytes does not necessarily mean the run has ended.  Early detection of 
failed analytes by the analyst will prevent lost time and productivity. 

 
11.4.7 Standards cups have limited capacity and should be filled frequently and 

monitored at all times. 
 

11.4.8 If the sequence includes an ICSA and ICSAB analysis performed every 
20 analytical samples, the structure of the autosampler table must 
incorporate this requirement.  LRS, ICSA and ICSAB are numbered 
with the analytical samples.  If this maximum is exceeded, the run has 
ended and all data that does not comply is lost.  The ICSA and ICSAB 
must immediately be followed by a CCV/CCB.  

 
Based on client-specific project requirements, additional QC may be 
run.  An example is the CRI standard that is required by the CLP. 

 
11.4.9 The analytical run is not complete until all final paperwork is complete.  

The run log must be completed by the analyst and the QC/Standards 
Preparation log completed for the day, as well as completing the internal 
chain of custody form. 

 
11.5 Transferring Data 

 
11.5.1 At the completion of the analytical run, exit analysis and return to the 

THERMOSPEC main menu.  Change the configuration file name. 
 

11.5.2 Exit THERMOSPEC and return to Desktop.  Double-click on the 
Explorer icon.  While in Explorer, open the STATION directory in the 
left column, and then open the BIN directory.  In the right column, find 
the name of the file from the analytical run that was just finished.  Next, 
find the MARRS directory in the left column and open that directory.  
Click on the file name in the right column and copy it to the appropriate 
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directory in MARRS (P3 ICP Trace Files or P4 ICP Trace Files.)  
Explorer can then be closed. 

 
11.5.3 Transfer the file to the computer used to run the SQUEEZE program.  The 

squeeze function combines two pages of data onto one page.  Type 
“SQZ61E” and follow the instructions to squeeze the data file, and then 
print the .SQZ file. 

 
11.6 Instrument Shutdown 

 
11.6.1 TJA Trace Analyzer (P3 or P4) 

 
11.6.1.1 Aspirate DI water for approximately one minute. 

 
11.6.1.2 From the MAIN MENU go to SETUP and PLASMA 

CONTROL PANEL and press enter. 
 

11.6.1.3 Press F7 for PLASMA SHUT off. 
 

11.6.1.4 Remove pump tubing from peristaltic pumps. 
 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the Quality Control  SOP 13.4, “Numerical Data 
Reduction”. 
12.1 Calculation of the mean or average of a set of values: 

 

n

X
X

n

i
i∑

== 1  

 
where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  

 
12.2 Calculation of the standard deviation of a set of values: 
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12.3 Calculation of percent recovery: 
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12.3.1 LCS and surrogates: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  

 
12.3.2 Matrix spikes: 

 

100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%

 
12.4 Calculation of % RSD 

 

%RSD
X

= ⎛
⎝⎜

⎞
⎠⎟
×

Standard deviation   100  

 
12.5 Calculation of RPD 

 

( )RPD  =  
Value  -  Value 

Value  +  Value 
x

1 2
1 2 2

100  

 
12.6 Calculation of %Difference (%D) 

 

100 x 
value Reference

value ReferenceValue%Diff −
=  

 
12.7 Calculating Dilutions 

 
If a sample concentration exceeds the linear range of the instrument, a dilution 
reanalysis must be performed.  For samples submitted for DoD-QSM and North 
Carolina compliance reporting, dilutions and re-analyses are required whenever 
target analytes exceed the highest calibration standard.  Determine a level of 
dilution that will result in a value within the upper half of the linear range or, for 
samples submitted for North Carolina compliance reporting, within the upper half 
of the calibration range.  This is an acceptable dilution.  A 10x dilution is 
performed using 1 mL sample plus 9 mL diluent for a total volume of 10 mL.  It 
should be recorded on the run log as “10x (1 mL in 10 mL).” 
 

12.8 Concentration 
 

12.8.1 All results for aqueous samples are reported in μg/L as follows. 
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C x V x D 

Concentration (μg/L) = ----------- 
W 

 
Where:  C = Concentration (μg/L) from curve 

V = Final volume of digestate (L) 
W = Volume of sample (L) 
D = Dilution factor 

 
12.8.2 All results for solid samples are reported in mg/kg as follows. 

 
12.8.2.1 A separate determination of percent solids must be performed. 
 
12.8.2.2 The concentration determined in the digestate is to be reported 

on the basis of the dry weight of the sample. 
 

Concentration (mg/Kg) = C * V / W * S 
 

Where:  C = Concentration (μg/L) 
V = Final volume of digestate (L) 
W = Weight of wet sample (gm) 
S = % Solid / 100 
D = Dilution factor 

 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits, instrument detection limits, and precision and accuracy for single analyst.  The 
data are retained by the QA department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing. 

15.0 Waste Management 
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It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, SW-
846, 3rd Edition, Update III, 12/96, Method 6010B 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 
 

16.3 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 

 
16.4 New York State Analytical Services Protocol (NYSASP), June 2000, plus 

revisions 
 

16.5 Quality Control SOP 13.6, “Proper Documentation Procedures” 
 

16.6 Quality Control SOP 13.4, “Numerical Data Reduction” 
 

16.7 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 
American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.8 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 
16.9 NELAC Standards, June 2003, plus revisions 

 
16.10 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 

Quality-Related Operations EPA/600/R-96/027, November 1995. 
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16.11 New York State Environmental Laboratory Approval Program, Certification 
Manual, December 2005, plus revisions. 

 
16.12 CompuChem Quality Manual, Revision 7, Update 1, 12/13/05, plus revisions 

 
16.13 Sample Control SOP 4.1, “Receiving Samples” 

 
16.14 Sample Control SOP 4.6, “Storing Samples” 

 
16.15 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 

Procedures for Priority Pollutants” 
 

16.16 TJA Trace Analyzer Set-up and Operating Manual 
 

16.17 Sample Preparation Procedure –1080, “Digestion Block Preparation of Aqueous 
Samples for the ICP Determination of Total or Dissolved Metals by SW-846, 
MCAWW, Standard Methods, and NYSASP” 

 
16.18 Sample Preparation Procedure –240, “Digestion Block Preparation of Solid 

Samples for ICP Determination of Total Metals by SW-846 and NYSASP.” 
 

16.19 Sample Preparation Procedure –814, “Toxicity Characteristic Leaching Procedure 
(TCLP)” 

 
16.20 Department of Defense Quality Systems Manual of Environmental Laboratories, 

Final Version 3l, January 2006 
 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 – Analyte Concentration Equivalents Arising from Interference at 
the 100 mg/L Level 

 
17.2 Attachment 2 – Daily Standards/QC Preparation for Trace ICP (P3&P4) 

 
17.3 Attachment 3 – Example Trace ICP Run Log (P3)   
 
17.4 Attachment 4 – Standards Preparation Log for Trace ICP (P3&P4) IEC Studies 
 
17.5 Attachment 5 – Internal Chain of Custody 

 
17.6 Attachment 6 – Reporting Limits 
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Attachment 1 
 

 
Analyte Concentration Equivalents Arising from Interference at the 100-mg/L Level 

 
 

Analyte Wavelength 
(ηm) Al Ca Cr Cu Fe Mg Mn Ni Tl V 

Aluminum 308.215 --  -- -- -- -- 0.21 -- -- _-- 1.4 
Antimony 206.833 0.47 -- 2.9 -- 0.08 -- -- -- 0.25 0.45 
Arsenic 193.696 1.3 -- 0.44 -- -- -- -- -- -- 1.1 
Barium 455.403 -- -- -- -- -- -- -- -- -- -- 
Beryllium 313.042 -- -- -- -- -- -- -- -- 0.04 0.05 
Boron 249.773 0.04 -- -- -- 0.32 -- -- -- -- -- 
Cadmium 226.502 -- -- -- -- 0.03 -- -- 0.02 -- -- 
Calcium 317.933 -- -- 0.08 -- 0.01 0.01 0.04 -- 0.03 0.03 
Chromium 267.716 -- -- -- -- 0.003 -- 0.004 -- -- 0.04 
Cobalt 228.616 -- -- 0.03 -- 0.005 -- -- 0.03 0.15 -- 
Copper 324.754 -- -- -- -- 0.003 -- -- -- 0.05 0.02 
Iron 259.940 -- -- -- -- -- 0.12 -- -- -- -- 
Lead 220.353 0.17 -- -- -- -- -- -- -- -- -- 
Magnesium 231.604 -- 0.02 0.11 -- 0.13 -- 0.25 -- 0.07 0.12 
Manganese 196.026 0.005 -- 0.01 -- 0.002 0.002 -- -- -- -- 
Molybedenum 202.030 0.05 -- -- -- 0.03 -- -- -- -- -- 
Nickel 279.079 -- -- -- --  -- -- -- -- -- 
Selenium 257.610 0.23 -- -- -- 0.09 -- -- -- -- -- 
Silicon 288.158 -- -- 0.07 -- -- -- -- -- -- 0.01 
Sodium 588.995 -- --  -- -- -- -- -- 0.08 -- 
Thallium 190.864 0.30 --  -- -- -- -- -- -- -- 
Vanadium 292.402 -- -- 0.05 -- 0.005 -- -- -- 0.02 -- 
Zinc 213.856 -- -- -- 0.14 -- -- -- 0.29 -- -- 

 
a Dashes indicate that no interference was observed even when interferents were introduced at the following 

levels: 
Al, Ca, Mg - 1000 mg/L; Ca, Fe - 1000 mg/L; Cr, Cu, Mn, Tl, V - 200 mg/L 

 
b The figures recorded as analyte concentrations are not the actual observed concentrations; to obtain those 

figures, add the listed concentration to the interferent figure. 
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Attachment 2 
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Attachment 2 (continued) 
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Attachment 2 (continued) 
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Attachment 2 (continued) 
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Attachment 3 
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Attachment 3 (continued) 
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Attachment 3 (continued) 
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Attachment 4 
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Attachment 4 (continued) 
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Attachment 4 (continued) 
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Attachment 5 
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Attachment 6 
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Sample Preparation Procedure -072: Aqueous Sample Cyanide Midi Distillation by 

CLP, NYSASP, and MCAWW 
 
 
1.0 Scope and Application 
 
 This method is applicable to the determination of total cyanide in aqueous 

matrices including wastes or leachates and complies with requirements in CLP 
SOW ILM04.1, ILM05.3, 335.2/335.3 (CLP-M), and the New York Analytical 
Services Protocol (NYSASP). 

 
Staff members performing the procedures described in this SOP are responsible 
for reading, understanding, and complying with the SOP requirements.  
Supervisors are responsible for directing the analyst to the controlled SOP, and 
providing adequate explanation of the material contained therein. 
 
This procedure is restricted to use by or under the supervision of analysts 
experienced in the instrumentation or preparative methods and who have 
demonstrated the ability to generate acceptable results through QC samples and 
analyst capability studies. 

 
2.0 Summary of Method 
 
 The basis for the method includes a reflux-distillation of a known amount of 

sample releasing cyanide from its complexes in the form of hydrogen cyanide gas.  
The released gas is drawn by vacuum and absorbed in a sodium hydroxide 
solution.  The cyanide is released from the sodium hydroxide solution by means 
of UV digestion and distillation and converted into cyanogen chloride by reaction 
with chloramine -T.  In this form it reacts with pyridine and barbituric acid to give 
a red-colored complex.  The intensity is measured colorimetrically at 578 ηm. 

 
3.0 Definitions 
 

3.1 Cyanide – cyanide ion and complex cyanides converted to hydrocyanic 
acid by reaction in a reflux system with mineral acid in the presence of 
magnesium ion. 

 
3.2 Method detection limit (MDL) – The minimum concentration of an 

analyte that can be measured and reported with 99% confidence that the 
analyte concentration is greater than zero and is determined form analysis 
of a sample in a given matrix containing the analyte (40 CFR, Part 136, 
Appendix B.) 
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Reporting Limit – The laboratory reporting limit is based on the lowest  
      multipoint calibration standard concentration.  
 

3.4 Reporting Units – μg/L 
 
4.0 Interferences 
 
 Interferences are eliminated or reduced by distilling the samples.  Details of the 

procedures for chlorine and sulfide checks can be found in Sample Control SOP 
4.13, “Handling & Verifying Proper Preservation of Samples Being Analyzed for 
Cyanides and Phenols”. 

 
4.1 Chlorine Check for CLP 

 
Oxidizing agents such as chlorine decompose most of the cyanides.  
Moisten a potassium iodide-starch test strip with acetate buffer.  Mix then 
pour an aliquot of sample into a disposable cup.  Test a drop of the sample 
with the moistened KI-starch paper.  A blue color indicates the need for 
treatment.  To treat, add ascorbic acid, a few crystals at a time, until a drop 
of sample produces no color on the indicator paper.  Then add an 
additional 0.6 g of ascorbic acid for each liter of sample volume. 
 

  4.1.1 Chlorine Check Materials 
 

• Acetate Buffer: Dissolve 243 g of sodium acetate in 400 mL of 
DI water.  Add 480 g of glacial acetic acid in a 1000 mL flask. 

 
• Potassium iodide-starch test strips 

 
• Disposable 20 mL sample cups  
 
• Ascorbic acid 

 
4.2 Sulfide Check for CLP 
 

Sulfides adversely affect the colorimetric and titration procedures.  If a 
drop of the sample on lead acetate test paper indicates the presence of 
sulfides, treat 25 mL more of the sample than that required for the cyanide 
determination with powdered cadmium carbonate.  Yellow cadmium 
sulfide precipitates if the sample solution does not darken the lead acetate 
test paper.  Filter the solution through a dry filter paper into a dry beaker, 
and from the filtrate measure the sample to be used for analysis.  Avoid a 
large excess of cadmium carbonate and a long contact time in order to 
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minimize a loss by complexation or occlusion of cyanide on the 
precipitated material.  Sulfides should be removed prior to preservation 
with sodium hydroxide. 

 
4.2.1 Sulfide Check Materials  

 
• Acetate Buffer: see chlorine check (paragraph 4.1.1) 
 
• Lead acetate test strips 
 
• Disposable 20 mL sample cups 

 
 4.3 pH Check 
 

Details of the procedures for pH checks can be found in Sample Control 
SOP 4.3, “Checking and Recording pH of Metals, Cyanides, Phenols and 
Wet Chemistry Samples”. 

 
Samples received must be preserved with sodium hydroxide at the time of 
collection.  Review the sample receiving report and check to see that the 
sample pH is equal to or greater than 12.  If the pH of the sample is not 
within that range, contact Customer Service/Project Management.  They 
will notify the client.  The client will then say whether of not to proceed 
(must be in writing).  If approval is granted, then add 2.0 mL of 10N 
sodium hydroxide per liter of sample to adjust the pH appropriately. 

 
  pH check materials: pH paper colorpHast strips 
 
5.0 Safety 
 

5.1 As with all laboratory procedures, you must wear the proper protective 
equipment (gloves, safety glasses, lab coat) when performing this 
procedure. 

 
5.2 Laboratory staff is encouraged to review the Chemical Hygiene Plan for 

general safety policies, and Material Safety Data Sheets for reagents used 
in the laboratory. 

 
 
 
6.0 Equipment and Supplies 
 

6.1 Midi reflux distillation apparatus 
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6.2 Heating block capable of maintaining 125 ± 5°C 

 
6.3 Assorted volumetric glassware, pipets, or micropipets 

 
7.0 Reagents and Standards 
 

Remember to record all reagents and standards in the Standards/QC 
Preparation Log (Attachment 1). 

 
7.1 Reagent Water-All water used during preparation should be reagent-grade 

Type I with regard to resistivity of > 10 megohm-cm (20th Edition of 
Standard Methods, Method 1080), and referred throughout this SOP as DI 
water. 

 
7.2 Sodium hydroxide solution, 0.25 N: Dissolve 10g of NaOH in DI H2O, 

then dilute to 1 liter. 
 

7.3 Magnesium Chloride Solution: Weigh 510 grams of MgCl2/.6H2O into a 1 
L flask and dissolve it in DI water.  Dilute to 1 liter with DI water. Shake 
the flask well to thoroughly mix. 

 
7.4 Sulfuric Acid: 50% (v/v): Carefully add 100 mL of conc. Sulfuric acid to 

100 mL DI H2O.  Adjust volumes as needed. 
 

7.5 Stock standard solution, 1000 ppm, is purchased commercially. 
 

7.6 Stock intermediate cyanide solution, 10 ppm:  Place in a 50 mL 
volumetric flask approximately 25mL of 0.25N sodium hydroxide.  
Pipet 0.5 mL of stock cyanide standard into the flask.  Dilute to mark 
with 0.25 NaOH solution and mix well.  Prepare daily. 

 
  Note: Use this solution for sample spike (MS/MSD), MRS and 

calibration standards. 
 
7.7 ICV-6 cyanide solution is supplied by the EPA.  The ICV-6 solution is 

also used for the LCS. 
 
 

8.0 Sample Collection, Preservation, and Storage 
 

8.1 The sample should be collected in a 500 mL plastic bottle.  All such 
bottles must be thoroughly cleaned and dried before collection. 
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8.2 Samples are preserved with 2 mL of 10N sodium hydroxide per liter of 

sample (pH >12) at the time of collection. 
 

8.3 Samples must be stored in a refrigerator maintained at a temperature of 
4°C ± 2°C. 

 
8.4 Samples should be analyzed as rapidly as possible to meet holding time.  

Any redistillation due to problems during sample analysis must be taken 
into consideration to meet these holding times. 

 
  Note: Samples must be distilled and analyzed within 12 days from time 

of receipt in order to meet holding times for CLP. 
 

8.5 The sample preparation technician should visually inspect all glassware 
before use.  Any glassware with residues, dust, or discoloration of any 
kind should be rejected and recleaned.   

 
8.6 Soap and hot water wash all glassware immediately after use.  Rinse well 

with DI water. 
 
9.0 Quality Control 
 
 9.1 Preparation Blank 
 
  For every 20 samples or for each prep batch, whichever is more frequent, 

prepare a preparation blank.  A preparation blank is prepared by aliquoting 
50 mL of DI water and distilling according to sample preparation 
instructions.  This blank is used to ascertain whether sample 
concentrations reflect contamination.  

 
 9.2 Matrix Spike  

 
For every 20 samples or for each SDG, whichever is more frequent, one 
matrix spike sample must be prepared.  For the matrix spike sample, 
pipet 0.5 mL of 10 ppm stock intermediate cyanide solution into a 50 mL 
aliquot of sample designated as the original, and distilled according to 
sample preparation instructions.  The true value of the matrix spike is 
100 ppb. 

 
 9.3 Duplicate Sample 
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The duplicate sample is prepared by taking a 50 mL aliquot of the 
chosen QC sample.  Samples identified as field blanks should not be used 
for matrix spike or duplicate sample analysis. 

 
 9.4 Initial Calibration Verification, ICV 
 
  One ICV must be distilled with each day of distillation. 
 
  To prepare the ICV, pipet 0.5 mL of ICV-6 cyanide solution into a 

distillation flask containing 50 mL of DI water.  Distill according to the 
sample preparation instructions.  The preparation of the ICV must be 
noted on the preparation log. 

 
 Note: The ICV-6 solution is supplied by the EPA. 

 
9.5 Mid-range standards (MRS) (for CLP) 
 

  At least one calibration standard (mid-range) must be distilled with each 
analytical run to ensure that the distillation technique is reliable.  The 
concentration of the MRS is 100 ppb.  To prepare, pipet 0.5 mL of the 10 
ppm stock intermediate cyanide solution into the distillation flask, which 
contains 50 mL of DI water.  Distill according to sample preparation 
instructions. 

 
9.6 LCS  

 
One liquid LCS must be prepared for every 20 samples or prep batch, 
whichever is more frequent.  This liquid LCS is 0.5 mL of ICV-6 solution 
into 50 mL DI H2O.  

 
10.0 Calibration and Standardization 

 
NA 

 
11.0 Procedure 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures. 

 
 11.1 Manual distillation: set up the apparatus as shown in Attachment 2. 
 

Note: If samples are known or suspected to contain sulfide, add 5.0 mL of 
0.062M bismuth nitrate solution through the air inlet tube.  Mix for three 
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minutes.  Use lead acetate paper to check the sample for the presence of 
sulfide.  A positive test is indicated by a black color on the paper. 

 
If samples are known or suspected to contain nitrate or nitrite, or if 
bismuth nitrate was added to the sample, add 5.0 mL of 0.4N sulfamic 
acid solution through the air inlet tube.  Mix for three minutes. 

 
11.2 Thoroughly mix sample before aliquotting.  Transfer 50 mL of aqueous 

sample into the distillation flask. 
 
  11.2.1 Add 50 mL of 0.25 N NaOH solution to the absorber tube. 
 
  11.2.2 Connect the apparatus as shown in Attachment 2. 
 
  11.2.3 Adjust suction so that about 3 air bubbles/sec enters through the 

distillation flask.  This air will carry HCN gas from the flask to 
the absorber tube for collection. 

 
  11.2.4 After approximately 5 minutes of vacuum flow, add 5 mL of 1:1 

H2SO4 through the inlet tube.  Rinse the inlet tube with the 
addition of 1 to 2 mL of DI water.  This volume should be 
sufficient to bring the pH of the solution to below 2. 

 
Warning: Violent reaction may occur with the acid 

addition.  Add slowly and observe the sample's 
response. 

 
11.2.5 Allow air to mix the contents of the distillation flask for 5 

minutes. 
 

11.2.6 Add 2 mL MgCl2 reagent through the inlet tube.  Rinse the inlet 
tube with the addition of 1 to 2 mL of DI water.  Excessive 
foaming from sample containing surfactants may be quelled by 
the addition of another 2 mL MgCl2. 

 
11.2.7 Turn on the heating block and set for 123-125°C. Heat the flask 

to rapid boiling.  Do not allow the solution to back up and 
overflow into the air inlet tube. 

 
11.2.8 Distill for an hour and a half and then discontinue heating, but 

continue air flow. 
 



Section No. 3.4.1 
Revision No. 11 
Date:  November 10, 2005 
Page 9 of 15 
 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

11.2.9 Cool and aerate for 15 minutes.  Disconnect absorber tube and 
close off the vacuum source. 

 
11.2.10 Carefully transfer the solution from the scrubber to a 50 mL 

plastic centrifuge tube which is properly labelled with 
CompuChem number and "CN-" identification to ensure that the 
cyanide sample is not confused with a sample that was prepared 
for metals.  Replace cap. 

 
11.2.11 Record prep information in the cyanide prep log. (Attachment 3)  

All information must be properly entered, signed and reviewed. 
 
12.0 Data Analysis & Calculations 

 
Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 

13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method 
detection limits and precision and accuracy for single analyst.  The data are 
retained by the QA department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when 
recycled and managed properly.  Pollution prevention encompasses any technique 
that reduces or eliminates the quantity or toxicity of waste at the point of 
generation.  Numerous opportunities for pollution prevention exist in laboratory 
operation.  The EPA has established a preferred hierarchy of environmental 
management techniques that places pollution prevention as the management 
option of first choice.  Whenever feasible, laboratory personnel should use 
pollution prevention techniques to address their waste generation.  When wastes 
cannot be feasibly reduced at the source, the Agency recommends recycling as the 
next best thing. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local 
regulations governing waste management, particularly the hazardous waste 
identification rules and land disposal restrictions, and to protect the air, water, and 
land by minimizing and controlling all releases from fume hoods and bench 
operations.  Compliance with all sewage discharge permits and regulations is also 
required. 
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Samples preserved with HCl or H2SO4 to pH <2 are hazardous and must be 
neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 U.S. EPA CLP SOW ILM04.1, ILM05.3, plus revisions (335.2/335.3 
CLP-M) 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th 

(1998) Edition, Method 1080 
 

16.3 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing 
Test Procedures for Priority Pollutants” 

 
16.4 The New York Analytical Services Protocol (NYSASP), 6/2000, plus 

revisions 
 

16.5 QCSOP:  Proper Documentation Procedures  
 
16.6 QCSOP: Numerical Data Reduction 
 
16.7 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and 
Science Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 
872-4477. 

 
16.8 Hazardous Waste Management & Safety SOPs: “Hazardous Waste 

Disposal” and “Spill Control & Cleanup.” 
 
16.9 NELAC Standards, June 2003, plus revisions 
 
16.10 QA-G6: Guidance for the Preparation of Standard Operating Procedures 

for Quality-Related Operations EPA/600/R-96/027, November 1995. 
 
16.11 New York State Environmental Laboratory Approval Program, 

Certification Manual, April 2005, plus revisions. 
 

16.12 CompuChem Quality Manual, Revision 6, Update 1, 5/20/05, plus 
revisions 

 



Section No. 3.4.1 
Revision No. 11 
Date:  November 10, 2005 
Page 11 of 15 
 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

16.13 Sample Control SOP 4.1, “Receiving Samples” 
 

16.14 Sample Control SOP 4.6, “Storing Samples” 
 

16.15 Sample Control SOP 4.13, “Handling & Verifying Proper Preservation of 
Samples Being Analyzed for Cyanides and Phenols”. 

 
16.16 Sample Control SOP 4.3, “Checking and Recording pH of Metals, 

Cyanides,  Phenols and Wet Chemistry Samples” 
 
16.17 Method of Chemical Analysis of Water and Wastewater, March 1983, 

Methods 335.2 and 335.3 
 

17.0 Attachments 
 

Attachment 1 – Standards/QC Preparation Log for Cyanide Digestion 
 
Attachment 2 - Cyanide Distillation Apparatus Diagram 
 
Attachment 3 – Cyanide Sample Preparation Log 
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Attachment 1 
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Attachment 1 (Continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Attachment subject to change without notice. 
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 Attachment 2  
 
 
 

 
NOTE:  Attachment is subject to change without notice. 
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Attachment 3 
 

 

 
 
 
 
 

NOTE:  Attachment is subject to change without notice. 
 
 





Section No. 3.4.2 
Revision No. 8 
Date:  July 31, 2006 
Page 1 of 18 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 
Sample Preparation Procedure –093/-81: Aqueous Sample Total and Free Cyanide Midi 

Distillation   by SW-846 and NYSASP 
 
 
 
 

Table of Contents 
 
 

SECTION PAGE 
NO. 

Section 1.0 – Scope and Application 2 
Section 2.0 – Summary of Method 2 
Section 3.0 – Definitions 2-3 
Section 4.0 – Interferences 3-5 
Section 5.0 – Safety 5 
Section 6.0 – Equipment and Supplies 6 
Section 7.0 – Reagents & Standards 6-7 
Section 8.0 - Sample Collection, Preservation, & Storage 7 
Section 9.0 – Quality Control 8-9 
Section 10.0 – Calibration & Standardization 9 
Section 11.0 – Procedure 10-11 
Section 12.0 – Data Analysis & Calculations 12 
Section 13.0 – Method Performance 12 
Section 14.0 – Pollution Prevention 12 
Section 15.0 – Waste Management 12 
Section 16.0 – References 12-14 
Section 17.0 – Attachments as Tables, Diagrams, Flowcharts & Validation Data 14 
Attachment 1 15-16 
Attachment 2 17 
Attachment 3 18 



Section No. 3.4.2 
Revision No. 8 
Date:  July 31, 2006 
Page 2 of 18 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Sample Preparation Procedure –093/-81: Aqueous Sample Total and Free Cyanide Midi 
Distillation by SW-846 and NYSASP 

 
 
1.0 Scope and Application 
 

This method is applicable to the determination of total cyanide in aqueous matrices 
including wastes or leachates and complies with requirements in SW-846 and the New 
York Analytical Services Protocol (NYSASP).  Free cyanide procedures are included 
from Standard Methods. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

The basis for the method includes a reflux-distillation of a known amount of sample 
releasing cyanide from its complexes in the form of hydrogen cyanide gas.  The released 
gas is drawn by vacuum and absorbed in a sodium hydroxide solution.  The cyanide is 
released from the sodium hydroxide solution by means of UV digestion and distillation 
and converted into cyanogen chloride by reaction with chloramine -T.  In this form it 
reacts with pyridine and barbituric acid to give a red-colored complex.  The intensity is 
measured colorimetrically at 578 ηm. 

 
3.0 Definitions 
 

3.1 Cyanide – cyanide ion and complex cyanides converted to hydrocyanic acid by 
reaction in a reflux system with mineral acid in the presence of magnesium ion. 

 
3.2 Method detection limit (MDL) – The minimum concentration of an analyte that 

can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined form analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.3 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For some inorganic methods, the reporting 
limit is based on the MDL, and is usually 4 - 8 times higher than the MDL.  



Section No. 3.4.2 
Revision No. 8 
Date:  July 31, 2006 
Page 3 of 18 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 
3.4 Reporting Units – μg/L 

 
3.5 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received (14 

calendar days if requested by the client) beginning with the receipt of the first 
sample. 

 
NOTE: The DoD-QSM and SC DHEC do not accept the SDG approach, unless 

the samples are prepared in a single batch.  When a group of up to 20 field 
samples of a similar matrix are prepared as one batch, method-specified 
QC samples such as a method blank, laboratory control sample, matrix 
spike, matrix spike duplicate, and matrix duplicate must also be prepared 
together at a rate of 5% for the DoD-QSM and 10% for SC DHEC.  If 
samples are batched together from different sites, project-specific QC 
must be processed. 

 
3.6 SC DHEC – South Carolina Department of Health and Environmental Control 
 
3.7 DoD-QSM – Department of Defense Quality Systems Manual 

 
4.0 Interferences 
 

Interferences are eliminated or reduced by distilling the samples.  Details of the 
procedures for chlorine and sulfide checks can be found in Sample Control SOP 
4.13, “Handling & Verifying Proper Preservation of Samples Being Analyzed for 
Cyanides and Phenols”. 
 
4.1 Chlorine Check for CLP 

 
Oxidizing agents such as chlorine decompose most of the cyanides.  Moisten a 
potassium iodide-starch test strip with acetate buffer.  Mix then pour an 
aliquot of sample into a disposable cup.  Test a drop of the sample with the 
moistened KI-starch paper.  A blue color indicates the need for treatment.  
To treat, add ascorbic acid, a few crystals at a time, until a drop of sample 
produces no color on the indicator paper.  Then add an additional 0.6 g of 
ascorbic acid for each liter of sample volume. 
 
 

  4.1.1 Chlorine Check Materials 
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• Acetate Buffer: Dissolve 243 g of sodium acetate in 400 mL of DI 

water.  Add 480 mL of glacial acetic acid in a 1000 mL flask. 
 

• Potassium iodide-starch test strips 
 

• Disposable 20 mL sample cups  
 
• Ascorbic acid 

 
4.2 Sulfide Check for SW-846 
 

Sulfide interference can be removed by adding an excess of bismuth nitrate to the 
waste (to precipitate the sulfide) before distillation.  Samples that contain 
hydrogen sulfide, metal sulfides, or other compounds that may produce hydrogen 
sulfide during the distillation should be treated by the addition of bismuth nitrate.  
Samples are checked for sulfide upon receipt by the Receiving Department.  See 
Sample Control SOP 4.13, “Handling & Verifying Proper Preservation of 
Samples Being Analyzed for Cyanides and Phenols.” 
 
4.2.1 Sulfide Check Materials for SW-846 
 

Bismuth nitrate (0.062M), Bi(NO)3•5H2O.  Dissolve Bi(NO)3•5H2O in 
100 mL of water.  While stirring, add 250 mL of glacial acetic acid, 
CH3COOH.  Stir until dissolve and dilute to 1 liter with water. 

 
4.2.2 Sulfamic acid (1N), H2NSO3H.  Dissolve 100 g H2NSO3H in 1 liter of 

water. 
 

4.3 Nitrate/Nitrite Checks for SW-846 
 
High results may be obtained for samples that contain nitrate and/or nitrite.  
During the distillation, nitrate and nitrite will form nitrous acid, which will react 
with some organic compounds to form oximes.  These compounds once formed 
will decompose under test conditions to generate HCN.  The possibility of 
interference of nitrate and nitrite is eliminated by pretreatment with sulfamic acid 
just before distillation.  Nitrate and nitrite are interferences when present at levels 
higher than 10 mg/L and in conjunction with certain organic compounds. 
 
4.3.1 Nitrite check materials for SW-846 
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Microquant 1.14774.0001 nitrite kit - Use syringe to fill both glass bottles 
with 6 mL of aqueous sample.  Add 1 flat microspoon of NO2-AN to right 
hand bottle, dissolve and set aside for 3 minutes.  Compare color with 
wheel.  Treat with sulfamic acid if above 10 mg/L. 

 
4.3.2 Nitrate check materials for SW-846 
 

Spectroquant 1.14773.0001 nitrate kit – Add 1 mircospoon of NO3-1A to 
tube.  Add 5 mL of NO3-2A to dissolve NO3-1A.  Add 1.5 mL of sample 
and mix immediately.  Let stand 10 minutes.  Measure at 515 ηm on Spect 
20.  Treat with sulfamic acid if above 10 mg/L. 

 
4.3.3 Sulfamic acid (1N), H2NSO3H.  Dissolve 100 g H2NSO3H in 1 liter of 

water.   
 

 4.4 pH Check 
 

4.4.1 Samples received must be preserved with sodium hydroxide at the time of 
collection.  Review the sample receiving report and check to see that the 
sample pH is equal to or greater than 12.  If the pH of the sample is not 
within that range, contact Customer Service/Project Management.  They 
will notify the client.  The client will then say whether or not to proceed 
(must be in writing).  If approval is granted, then add 2.0 mL of 10N 
sodium hydroxide per liter of sample to adjust the pH appropriately.   
Sample pH is checked upon receipt by the Receiving Department.  See 
Sample Control SOP 4.3, “Checking and Recording pH of Metals, 
Cyanides, Phenols, and Wet Chemistry Samples.” 

 
4.4.2 pH check materials - pH paper colorHast strips 

 
5.0 Safety 
 

5.1 As with all laboratory procedures, you must wear the proper protective equipment 
(gloves, safety glasses, lab coat) when performing this procedure. 

 
5.2 Laboratory staff must review the Chemical Hygiene Plan for general safety 

policies, and Material Safety Data Sheets for reagents used in the laboratory. 
6.0 Equipment and Supplies 
 

6.1 Midi reflux distillation apparatus 
 
6.2 Heating block capable of maintaining 125 ± 5° C 
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6.3 Assorted volumetric glassware, pipets, or micropipets 
 

7.0 Reagents and Standards 
 

Note: All reagents and standards are documented in the Standards/QC Preparation for 
Cyanide by Lachat log book (Attachment 1). 

 
7.1 Reagent Water-All water used during preparation should be reagent-grade Type I 

with regard to resistivity of > 10 megohm-cm (20th Edition of Standard Methods, 
Method 1080), and is demonstrated to meet the blank criteria contained in this 
Standard Operating Procedure (SOP).  It is referred throughout this SOP as DI 
water. 

 
7.2 Sodium hydroxide solution, 0.25 N (for total cyanide only): Dissolve 10 g of 

NaOH in DI H2O, then dilute to 1 liter. 
 
 7.3 Magnesium Chloride Solution (for total cyanide only): Weigh 510 grams of 

MgCl2/.6H2O into a 1 L flask and dissolve it in DI water.  Dilute to 1 liter with 
DI water. Shake the flask well to thoroughly mix. 

 
7.4 Sulfuric Acid: 50% (v/v): Carefully add 100 mL of conc. Sulfuric acid to 100 mL 

DI H2O.  Adjust volumes as needed. 
 

7.5 Stock cyanide solution, 1000 ppm:  Dissolve 2.51 g of KCN and 2 g of KOH in a 
one liter volumetric flask.  Standardize to determine the appropriate final volume.  
This standard can also be commercially purchased. 
 

7.6 Stock intermediate cyanide solution, 10 ppm:  Prepare daily.  To a 250 mL 
volumetric flask, add about 125 mL of 0.25 N sodium hydroxide.  Pipet 
calculated volume of standardized stock cyanide solution from equation on 
standards prep log into a class "A" 250 mL volumetric flask.  Dilute to volume 
with 0.25 N NaOH.  Mix well and transfer to a labeled polypropylene bottle and 
refrigerate at 4° C ± 2° C. 

 
  Note: Use this solution for sample spike LRS, HRS, and calibration standards. 
 

7.7 ICV-6 cyanide solution supplied by EPA and must be ordered.  It takes 
approximately 2 weeks to obtain. 

 
7.8 Glacial acetic acid (1:9): Mix one volume of glacial acetic acid with 9 volumes of 

DI water. 
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7.9 Acetate buffer (for free cyanide only):  Dissolve 410 g sodium acetate trihydrate 
in 500 mL DI water.  Add glacial acetic acid (1:9) to yield a solution pH of 4.5 
(approximately 500 mL). 

 
7.10 Zinc acetate solution, 100 g/L (for free cyanide only): Using a 1 L volumetric 

flask, dissolve 120 g zinc acetate in 500 mL of DI water.  Dilute to volume with 
DI water. 

 
7.11 Methyl red indicator (for free cyanide only) 

 
8.0 Sample Preservation and Storage 
 

8.1 The sample should be collected in a 500 mL plastic bottle.  All such bottles must 
be thoroughly cleaned and dried before collection. 

 
8.2 Samples are preserved with 2 mL of 10N sodium hydroxide per liter of sample 

(pH >12) at the time of collection. 
 

8.3 Samples must be stored in a refrigerator maintained at a temperature of 2 - 4.4° C. 
 

8.4 Samples should be analyzed as rapidly as possible to meet holding time.  Any 
redistillation due to problems during sample analysis must be taken into 
consideration to meet these holding times. 

 
Note: Samples must be distilled and analyzed within 14 days from date of 

sampling for SW-846. 
 

8.5 Samples are collected, preserved, and stored according to the tables in Sample 
Control SOP 4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample 
holding times are also listed. 

 
 
 
 
 
 
9.0 Quality Control 
 
 9.1 Preparation Blank 

 
For every 20 samples or for each prep batch, whichever is more frequent, prepare 
a preparation blank.  SC DHEC requires a preparation blank every 10 samples.  A 
preparation blank is prepared by aliquoting 50 mL of DI water and distilling 
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according to sample preparation instructions.  This blank is used to ascertain 
whether sample concentrations reflect contamination.  

 
 9.2 Sample Spike  
 

For every 20 samples or for each SDG, whichever is more frequent, at least one 
spike sample preparation must be prepared.  SC DHEC requires duplicates at a 
frequency of 10%.  The sample spikes count towards this requirement.  For 
sample spikes, pipet 0.5 mL of 10 ppm stock intermediate cyanide solution before 
distillation into the flask containing the sample to be spiked.  True value of spike 
is 100 ppb. 

 
 9.3 Duplicate 
 

For every 20 samples or for each SDG, whichever is more frequent, at least one 
duplicate sample must be prepared.  SC DHEC requires duplicates at a frequency 
of 10%.  The sample spikes count towards this requirement.  Samples identified 
as field blanks should not be used for sample spike or duplicate analysis. 

  
9.4 Initial Calibration Verification, ICV 

 
One ICV must be distilled with each day of distillation. 
 
To prepare, pipet 0.5 mL of ICV-6 cyanide solution into a distillation flask 
containing 50 mL of DI water.  Distill according to the sample preparation 
instructions. 

 
  Note: This solution is supplied by EPA and must be ordered.  Maintain a supply 

of this solution and store it in a refrigerator kept at 4° C ± 2° C.  It takes 
about 2 weeks to obtain. 

 
 9.5 High-range standard (HRS)  
 

At least one calibration standard (high-range) must be distilled with each 
analytical run to ensure that the distillation technique is reliable.  The 
concentration of the HRS is 300 ppb.  To prepare, pipet 1.5 mL of the 10 ppm 
stock intermediate cyanide solution into the distillation flask, that contains 50 mL 
of DI water.  Distill according to sample preparation instructions. 
 

9.6 Low-range standards (LRS)  
 
At least one calibration standard (low-range) must be distilled with each 
analytical run to ensure that the distillation technique is reliable.  The 
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concentration of the HRS is 40 ppb.  To prepare, pipet 0.200 mL of the 10 ppm 
stock intermediate cyanide solution into the distillation flask, that contains 50 mL 
of DI water.  Distill according to sample preparation instructions. 
 

9.7 Laboratory Control Sample (LCS) 
 

One liquid LCS must be prepared for every 20 samples or prep batch, whichever 
is more frequent.  For SC DHEC the LCS is prepared every 10 samples.  This 
liquid LCS is 0.5 mL of ICV 6 solution into 50 mL DI H2O and must be ordered.  
Maintain a supply of this material and store in refrigerator at 4° C ± 2° C.  It takes 
about 2 weeks to obtain. 

 
 9.8 Contingency 
 

9.8.1 If due to a lab accident or to QC failures a re-preparation and re-analysis 
are required for the sample and insufficient volume remains, the Project 
Manager must be alerted and will contact the client for directions on how 
to proceed. 

 
9.8.2 If persistent contamination occurs in the laboratory, analyses must be 

halted until the source can be identified and isolated.  When the 
contamination issue is resolved, sample analysis may proceed. 

 
9.8.3 Refer to Data Review SOP 14.3.2.1 “Data Management:  Wet Chemistry 

Data Review and Verification” for information on how to handle reporting 
of data that are unacceptable or out-of-control. 

 
9.8.4 Any other issues that potentially affect data quality should also be 

addressed with the Project Manager. 
 
10.0 Calibration and Standardization 
 

Refer to SOPs 9.1, “Calibrating Automatic Pipettes in the Inorganic Laboratory and 
13.17, “Analytical Balance Calibration and Maintenance”. 
 

11.0 Procedure 
 

Documentation must follow the requirements in Quality Control SOP 13.6, “Proper 
Documentation Procedures”. 

 
 11.1 Manual distillation: set up the apparatus as shown in Attachment 2. 
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Note: If samples are known or suspected to contain sulfide, add 5.0 mL of 
0.062M bismuth nitrate solution through the air inlet tube.  Mix for three minutes.  
Use lead acetate paper to check the sample for the presence of sulfide.  A positive 
test is indicated by a black color on the paper. 

 
If samples are known or suspected to contain nitrate or nitrite, or if bismuth 
nitrate was added to the sample, add 1.0 mL of 1N sulfamic acid solution through 
the air inlet tube.  Mix for three minutes. 

 
11.2 Total Cyanide Distillation 
 

Thoroughly mix sample before aliquotting.  Transfer 50 mL of aqueous sample 
into the distillation flask. 

 
  11.2.1 Add 50 mL of 0.25N NaOH solution to the absorber tube. 
 
  11.2.2 Connect the apparatus as shown in Attachment 2. 
 
  11.2.3 Adjust suction so that about 3 air bubbles/sec enters through the 

distillation flask.  This air will carry HCN gas from the flask to the 
absorber tube for collection. 

 
  11.2.4 After approximately 5 minutes of vacuum flow, add 5 mL of 1:1 H2SO4 

through the inlet tube.  This volume should be sufficient to bring the pH 
of the solution to below 2.  After the addition of acid, rinse the inlet tube 
with a small amount of DI water. 

 
Warning: Violent reaction may occur with the acid addition.  Add 

slowly and observe the sample's response. 
 

11.2.5 Allow air to mix the contents of the distillation flask for approximately 5 
minutes. 

 
11.2.6 Add 2 mL MgCl2 reagent through the inlet tube.  Excessive foaming 

from sample containing surfactants may be quelled by the addition of 
another 2 mL MgCl2.  Rinse the tube with a small amount of DI water. 

 
11.2.7 Turn on the heating block and set for 123 - 125° C. Heat the flask to 

rapid boiling.  Do not allow the solution to back up and overflow into 
the air inlet tube. 
 

11.2.8 Distill for an hour and a half and then discontinue heating, but continue 
air flow. 
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11.2.9 Cool and aerate for 15 minutes.  Disconnect absorber tube and close off 

the vacuum source. 
 
11.2.10 Carefully transfer the solution from the scrubber to a 50 mL plastic 

centrifuge tube that is properly labeled with CompuChem number and 
"CN-" identification to ensure that the cyanide sample is not confused 
with a sample that was prepared for metals.  Replace cap. 

 
11.2.11 Record preparation information on the Cyanide Preparation Log 

worksheet (Attachment 3).  All information must be properly entered, 
the sheet reviewed, signed and copied.  Samples are now ready for 
analysis by IP 930, “Total and Free Cyanide Analysis of Water and 
Soil/Sediment Distillates by CLP, MCAWW, SW-846, NYSASP & 
Lachat.” 

 
 11.3 Free Cyanide Distillation 
 

11.3.1 Follow steps 11.2.1 through 11.2.3. 
 
11.3.2 After approximately 5 minutes of vacuum flow, add 20 mL of acetate buffer and 

20 mL of zinc acetate solution through the inlet tube.  Also add 2 or 3 drops of 
methyl red indicator.  Rinse the tube with a small amount of DI water. 

 
11.3.3 Allow air to mix the contents of the distillation flask for approximately 5 

minutes.  If solution is not pink, add acetic acid (1:9) drop wise through the inlet 
tube until a pink color persists. 

 
11.3.4 Follow steps 11.2.7 through 11.2.11.  Record preparation information on the 

Cyanide Preparation Log worksheet (Attachment 3). 
 
 
12.0 Data Analysis & Calculations 

 
Calculations must be consistent with the Quality Control SOP 13.4, “Numerical Data 
Reduction”. 

 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits and precision and accuracy for single.  The data are retained by the QA 
department. 
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14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing.  See SOP 12.1, Hazardous Waste Disposal, 
regarding laboratory procedures for recycling solvent waste streams. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl or H2SO4 to pH <2 are hazardous and must be handled as 
hazardous waste.  Refer to the Hazardous Waste Management and Safety SOPs located in 
the lab. 

 
16.0 References 
 

16.1 SW-846, 3rd Edition, Update III, 12/96, Methods 9012A (with the exception of 
midi distillation) and 9010B (with the exception of midi distillation and cyanide 
content determination by 9012A). 

 
16.2 The New York Analytical Services Protocol (NYSASP), June 2000, plus 

revisions 
 

16.3 Methods for Chemical Analysis of Water and Wastes, 3/83, Methods 335.2 (off-
line distillation) and 335.3 (colorimetric determination) 

 
16.4 Quality Control SOP 13.6, “Proper Documentation Procedures” 

 
16.5 Quality Control SOP 13.4, “Numerical Data Reduction” 
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16.6 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 
American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.7 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.8 NELAC Standards, July 2003, plus revisions 
 
16.9 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 

Quality-Related Operations EPA/600/R-96/027, November 1995. 
 

16.10 New York State Environmental Laboratory Approval Program, Certification 
Manual, December 2005, plus revisions. 

 
16.11 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 and 4500-CN I (free cyanide) 
 

16.12 CompuChem Quality Manual, Revision 7, Update 1, 12/13/05, plus revisions 
 

16.13 Sample Control SOP 4.1, “Receiving Samples” 
  

16.14 Sample Control SOP 4.6, “Storing Samples” 
 

16.15 Sample Control SOP 4.13, “Handling & Verifying Proper Preservation of 
Samples Being Analyzed for Cyanides and Phenols” 

 
16.16 Sample Control SOP 4.3, “Checking and Recording pH of Metals, Cyanides, 

Phenols, and Wet Chemistry Samples” 
 

16.17 IP 930, “Total and Free Cyanide Analysis of Water and Soil/Sediment Distillates 
by CLP, MCAWW, SW-846, NYSASP & Lachat.” 

 
16.18 Data Review SOP 14.3.2.1, “Data Management:  Wet Chemistry Data Review 

and Verification” 
 
16.19 Department of Defense Quality Systems Manual for Environmental Laboratories, 

Final Version 3, January 2006 
 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 

 
17.1 Attachment 1 – QC Standards Log 
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17.2 Attachment 2 – Cyanide Distillation Apparatus Diagram 
 
17.3 Attachment 3 – Cyanide Preparation Log 
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Attachment 1 
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 Attachment 1 (continued) 
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Attachment 2  
 
 

Cyanide Preparation CompuChem a division of Liberty Analytical Corp. SPP-072/-093/-094/-139/-191

Method (Circle One): ILM04.1  335.2   CLP-M   335.3 9012A (Mod)   4500-CN I   ILM05.3 Batch No.

Case/SDG:_____________________________      Prepared by:__________________________  Date:_________________ Matrix:

# CCN (Lab ID) Client ID Date Initial Final Description Description S-* Cl2* pH Amen Free
Rec'd mL      g (mL) Before After Prep** Prep**

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

21    Matrix Spike: Ref CCN: ICV-6 Ref:
22    Matrix Spike Dup: Ref CCN: CN:
23    Duplicate Sample: Ref CCN: Ref #:
24    Lab Control Sample:     Matrix Spike (MS/MSD) Ref:
25    Prep Blank: Reviewed by:__________________ CN:
26 ICV-6 :            Date:___________________       Ref #:
27 CLP Mid-Range Std : Ref #: LCS Ref:
28 SW-846 Low-Range Std : Ref #: CN:
29 SW-846 High-Range Std : Ref # : Ref #:

  Hot Block Temperature             Distillation Time Chlorination Time Key
Start: Start: Start:  * D= Detected  ND= Not Detected
 End:  End:  End: ** Y= Yes           N= No

“The presence of the Chemist’s/Analyst's employee ID number, or signature, on this log attests that strict compliance with the method’s SOP has occurred.  Any SOP deviations require documentation   
 by the responsible chemist/analyst together with the chemist’s/analyst's initials and the initials of the lab supervisor and a QA department representative, signifying approval of the deviation.” 

1/11/06:jad

Worksheet: CN Prep
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Attachment 3 
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Instrument Procedure 930: Cyanide Analysis of Water and Soil/Sediment Distillates by CLP, 
MCAWW, SW-846, NYSASP, and Lachat 

 
 
1.0 Scope and Application 
 

This procedure is applicable to the determination of total and free cyanide in water 
wastes, including soils/sediments, at concentrations of 10 ppb-200 ppb for CLP, 
335.2/335.3 (CLP-M), MCAWW and 10ppb-400 ppb for SW-846.  The method detects 
inorganic cyanides that are present as either soluble salts or complexes.  The procedure 
for calculating cyanide amenable to chlorination is also included. 
 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 
 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary 
 

Total cyanide from alkaline distillates of water and soil/sediment is converted to 
cyanogen chloride, CNCl, by reaction with choramine-T at pH lower than 8.  The CNC1 
then forms a red-blue dye reacting with pyridine-barbituric acid reagent.  The color is 
read at 570 ηm.  The concentration of NaOH must be the same in the standards, the 
scrubber solutions, and any dilution of the original scrubber solutions to obtain colors of 
comparable intensity. 

 
Prior to analysis samples are distilled according the Sample Preparation Procedure –072, 
“Aqueous Sample Midi-Distillation by CLP and NYSASP,” Sample Preparation 
Procedure –093, “Aqueous Sample Total and Free Cyanide Midi-Distillation by SW-846 
and NYSASP,” Sample Preparation Procedure –139, “Solid Sample for Total Cyanide 
Midi-Distillation by CLP and NYSASP,” or Sample Preparation Procedure –191, “Solid 
Sample for Total and Free Cyanide Midi-Distillation by SW-846 and NYSASP.” 

 
Amendable cyanide is calculated by subtracting the amount of cyanide determined in the 
pre-treated sample (using Sample Preparation Procedure –094, “Midi Distillation of 
Aqueous Samples for Amenable Cyanide by CLP and NYSASP” or following Sample 
Preparation Procedure –245:  Cyanide Extraction Procedure for Solids and Oils by SW-
846”) from the amount of total cyanide determined from the untreated sample distillate. 
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3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined form analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For some inorganic methods, the reporting 
limit is based on the MDL, and is usually 4 - 8 times higher than the MDL.   

 
3.3 Reporting Units – (will vary with the method) 
 
3.4 An SDG is defined by the following, whichever is more frequent: 
 

• each 20 field samples received within a case, or 
 

• each 7 calendar day period during which field samples in a case are received 
(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The Army Corps of Engineers (US ACE) and SC DHEC does not accept 

the SDG approach, unless the samples are prepared in a single batch.  
When a group of up to 20 field samples of a similar matrix are prepared 
as one batch, method-specified QC samples such as a method blank, 
laboratory control sample, matrix spike, matrix spike duplicate, and 
matrix duplicate must also be prepared together at a rate of 5% for US 
ACE and SC DHEC soils The rate is 10% for SC DHEC water samples.  
If samples are batched together from different sites, project-specific QC 
must be processed. 

 
3.5 SC DHEC – South Carolina Department of Health and Environmental Control 

 
3.6 For total cyanide, most interferences are eliminated or minimized by the 

distillation procedure.  Sulfides, fatty acids, aldehydes and thiocyanates may 
distill over. 

 
4.0 Interferences 
 

4.1 For total cyanide, most interferences are eliminated or minimized by the 
distillation procedure.  Sulfides, fatty acids, aldehydes and thiocyanates may 
distill over. 
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5.0 Safety 
 
5.1 Always wear the proper safety equipment (labcoat, safety glasses, and gloves) 

when performing this procedure. 
 
5.2 Laboratory staff are encouraged to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets for reagents used in the 
laboratory. 

 
6.0 Equipment & Supplies 
 

6.1 Cyanide manifold 10.204.00.1.A 
 
6.2 Heating unit 
 
6.3 Vacuum pump 

 
7.0 Reagents & Standards 
 

Note: Standard preparations and reagent lot numbers are documented on the 
Standards/QC Preparation for Cyanide Analysis on Lachat log (Attachment 2). 

 
Note: To prevent bubble formation, degas all solutions except the standards using a 

vacuum pump. 
 
7.1 Reagent Water-All water used during preparation should be reagent-grade Type I 

with regard to resistivity of > 10 megohm-cm (20th Edition of Standard Methods, 
Method 1080), and referred throughout this SOP as DI water. 

 
7.2 Reagent 1 - Carrier, 0.25M NaOH 
 

7.2.1 In a 1 L volumetric flask, dissolve 10.0 g of NaOH in 800 mL of water.  
Dilute to the mark and invert three times. 

 
7.3 Reagent 2 - Phosphate Buffer (0.71 M) 
 

7.3.1 In a 1 L volumetric flask, dissolve 97 g of potassium phosphate monobasic 
anhydrous (KH2PO4) in 800 mL of water.  Dilute to the mark and invert 
three times. 

 
7.4 Reagent 3 - Chloramine-T 
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7.4.1 To a 500 mL volumetric flask, add 250 mL of water followed by 2 g of 
chloramine-T.  Dilute to the mark and invert three times.  Prepare fresh 
daily. 

 
7.5 Reagent 4 - Pyridine-Barbituric Acid 
 

CAUTION - Always use a fume hood when preparing this reagent.  Always wear a 
face shield when dispensing concentrated acids.  This reagent has a six-month 
shelf - life if stored at 4 °C. 

 
7.5.1 In the fume hood, place 15.0 g of barbituric acid in a 1 L beaker and add 

100 mL of water, rinsing down the sides of the beaker to wet the barbituric 
acid.  Stir in 75 mL of pyridine (C5H5N) and mix until the barbituric acid 
dissolves.  Add 15 mL of concentrated hydrochloric acid (12M HC1) and 
mix.  Transfer to a 1 L volumetric flask, dilute to the mark, and invert 
three times. 

 
7.6 Stock Standard at 1000.0 mg CN-/L: purchase 1000 ppm cyanide standard 

from NSI or equivalent supplier. 
 
7.7 Intermediate Standard at 10.0 mg CN-/L 

 
7.7.1 Pipet 1.0 mL of the Stock Standard into a 100 mLvolumetric flask.  Dilute 

to the mark with Reagent 1.  Invert three times.  Prepare with each day of 
sample analysis. 
 

7.8 Calibration Curve 
 
7.8.1 Five working standards are prepared daily when samples are analyzed at 

200, 100, 50, 20, 10 µg CN-/L for CLP, (ILM05.3) CRI. 
 

7.8.1.1 To five 100 mL volumetric flasks add, respectively, 2.0, 1.0, 0.5, 
0.2, and 0.1 mL of the 10 mg/L intermediate standard.  Dilute to 
the mark with Reagent 1 and invert at least three times.  A zero 
standard is used which contains only Reagent 1. 

 
7.8.1.2 The 100 µg CN-/L standard is utilized as the continuing 

calibration verification (CCV). 
 
7.8.1.3 For ILM05.3 the 10 µg CN-/L standard is utilized as the CRI. 
 

7.8.2 Six working standards are prepared daily when samples are analyzed at 
400, 300, 200, 100, 40, 20, 10 µg/L for SW-846. 
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7.8.2.1 To six 100 mL volumetric flasks add, respectively, 4.0, 3.0, 2.0, 

1.0, 0.4, 0.2, and 0.1 mL of the 10 mg/L intermediate standard.  
Dilute to the mark with Reagent 1 and invert at least three times.  
A zero standard is used which contains only Reagent 1.  This is 
also the ICB/CCB. 

 
7.9 A duplicate must be analyzed from each group of samples of a similar matrix (up 

to 20 samples) or for each SDG. 
 

A control limit of 20% for RPD shall be used for values greater than or equal to 
5x CRDL/CRQL reporting limit or ± CRDL/CRQL reporting limit if either value 
is less than 5x CRDL/CRQL reporting limit. 
 

7.10 The ICV is prepared from the ICV-6 standard which is supplied by the EPA.  
See the water or soil distillation SOPs for details on the preparation and 
distillation of this sample. 

 
7.11 All purchased chemicals and reagents that do not arrive with an expiration date, 

must be assigned an expiration date three years from receipt.  All lab prepared 
regents must be assigned an expiration date one year from preparation. 

 
8.0 Sample Collection, Preservation, & Storage 
 

8.1 Oxidizing agents destroy cyanide during storage and handling.  Add ascorbic acid 
to prevent this. 

 
8.2 Because of the reactivity of cyanide, analyze samples immediately after 

collection. 
 
8.3 If samples must be held, add NaOH to bring the pH to 12.  The color reaction is 

pH sensitive.  Therefore, distillates or preserved water samples and standards 
should be carefully matched with respect to NaOH concentration. 

 
8.4 Samples are collected, preserved, and stored according to Sample Control SOPs 

4.1  “Receiving Samples” and 4.6 “Storing Samples.” 
 
8.5 Cyanide technical holding time is calculated from verified time of sampling.  The 

technical holding time is 14 days. 
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9.0 Quality Control 
 

9.1 After instrument calibration, the correlation coefficient must be determined to be 
0.995 or better before sample analysis can begin.  A forced intercept is not used 
for the calibration.  An initial calibration verification (ICV) and initial calibration 
blank (ICB) must be analyzed.  The ICV must be distilled with each batch of 
samples analyzed and the samples distilled with an ICV must be analyzed with 
that particular ICV.  For aqueous cyanide samples, the ICV for cyanide also 
serves as the Laboratory Control Sample (LCS).  The ICV must fall within 85-
115% of the true value.  The absolute ICB value must not be greater than the 
Contract Required Detection Limit (CRDL/CRQL) or reporting limit.  If these 
control limits cannot be met, determine and correct the problem, recalibrate and 
reanalyze until all control limits can be met.  If the ICV still does not pass, re-
distillation of the samples and associated QC may be required.  If instrument 
problems are suspect, notify your supervisor, document the problem in the 
maintenance log, and notify the instrumentation repair personnel. 

 
9.2 A continuing calibration verification (CCV) and a continuing calibration blank 

(CCB) must be analyzed at a 10% frequency or every 2 hours throughout the 
analytical run.  The control limits for these are the same as for the ICV and ICB 
above.  In the event of a CCV/CCB failure, determine and correct the problem, 
recalibrate the instrument, and reanalyze all affected samples. 

 
9.3 A method blank should be analyzed for every 20 samples of a similar matrix or 

for each case, whichever is more frequent.  For SC DHEC the blank is prepared 
for every 10 water samples.  The method blank value must not be greater than the 
reporting limit.  If the blank exceeds the Contract Required Detection Limit 
(CRDL/CRQL) or reporting limit, analysis is stopped, the problem is determined 
and corrected, and any affected samples are reanalyzed, or re-prepped and 
reanalyzed.  If the problem is with the instrumentation, the instrument should be 
fixed, recalibrated, and the affected samples rerun.  Document the problem in the 
instrument maintenance log. 

 
9.4 A laboratory control sample (LCS) must be analyzed with every 20 samples or 

with each case, whichever is more frequent.  For SC DHEC the LCS is prepared 
for every 10 water samples.  The LCS must agree within ± 20% of the true value 
for soils and 85-115% for waters.  If the LCS falls outside these control limits, the 
analysis must be evaluated and it must be determined if an instrument problem 
exists.  If so, the problem must be corrected and the affected samples reanalyzed.  
If not, the affected case must be reprepared and reanalyzed.  As indicated, for 
aqueous cyanide samples, the ICV also serves as the LCS and it must be distilled.  
A separate LCS is required for soil cyanide samples.  For non-CLP work, the soil 
ICV could be utilized as the LCS, but this is not a routine practice. 
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9.5 For every 20 samples of a similar matrix or for each Case/SDG, whichever is 

more frequent, a matrix spike analysis must be performed.  For SC DHEC the 
duplicate frequency is 5% for water samples.  The matrix spikes count towards 
this duplicate requirement.  If the spike recovery is not within 75-125% recovery 
limits, and the sample result does not exceed 4x the spike added, a matrix 
interference is suspected.  Spike the unspiked aliquot of the sample at 2x the 
indigenous level or 2x the CRDL/CRQL reporting limit, whichever is greater. 

 
9.6 The distilled standards, i.e., a mid range standard for CLP and MCAWW and low 

and high range standards for SW-846, are evaluated.  The recoveries should be 
within +/-15% of the true value for CLP and MCAWW and +/-10% for SW-846.  
If this criteria are not met, the analyst should find the cause of the apparent error 
before proceeding.  If re-analysis still fails acceptance criteria, the analysis must 
be re-started.  If the standards continue to fail, re-distillation is required. 

 
9.7 Contract Required Quantitation Limit (CRQL) Check Standard (CRI) – Used for 

EPA contract work.  The concentration of the CRI is at the CRQL.  The CRI is 
required at the beginning and end of each analytical sequence and every 20 
samples.  The acceptance range is 70-130%. 

 
9.8 Contingency 
 

9.8.1 If due to a lab accident or to QC failure a re-preparation is required for the 
sample and insufficient volume remains, the Project Manager must be 
alerted and will contact the client for direction on how to proceed. 

 
9.8.2 If persistent contamination occurs in the laboratory, analyses must be 

halted until the source can be identified and isolated.  When the 
contamination issue is resolved, sample analyses may proceed. 

 
9.8.3 Any other issues that potentially affect data quality should be addressed 

with the Project Manager. 
 
10.0 Calibration & Standardization 
 

10.1 The instrument calibration curve is analyzed according to the sequence in section 
11.0 (Procedure) below.  The correlation coefficient must be 0.995 or greater for 
the calibration curve to be approved. 
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11.0 Procedure 
 
Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures. 
 
11.1 Timing 

 
11.1.1 Sample throughput: 80 samples/h; 40s/samples 
 
11.1.2 Pump speed: 35 
 
11.1.3 Cycle period: 45s 
 
11.1.4 Inject to start of peak period: 28s 
 
11.1.5 Inject to end of peak period: 61s 
 

11.2 System Notes 
 
11.2.1 Allow 15 min for heating unit to warm up to 60°C. 
 
11.2.2 Analyze distillates from water and soil/sediment preparation. 

 
11.3 Operating System 
 

11.3.1 Inspect the manifold for proper connections 
 
11.3.2 Turn on the power to the instrument. 
 
11.3.3 Secure the pump cassettes and place transmission lines in the 

corresponding solutions. 
 
11.3.4 Select and download the method for cyanide (CN for SW-846 or 

CLPCN for CLP.) 
 
11.3.5 Allow the system to pump until the baseline is steady. 
 
11.3.6 Place the standards in the rack in descending order of concentration. 
 
11.3.7 “Submit and Calibrate Now” in software to begin calibration. 
 
11.3.8 Under “Edit and Identification” enter the sample laboratory numbers and 

client ID numbers. 
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11.3.9 Once calibration is approved and sample tray is poured up, save the tray. 
 
11.3.10 When the tray is complete, rinse the lines and place in DI water.  The 

run log (Attachment 2) can now be printed for review and reporting. 
 
11.3.11 When the manifold has been flushed with DI water, remove the lines and 

allow the system to continue pumping until all lines are dry. 
 
11.3.12 Turn off pump and remove all cassettes. 
 
11.3.13 Turn off power to the instrument. 

 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 

12.1 Calculation of the mean or average of a set of values: 
 

n

X
X

n

i
i∑

== 1  

 
where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  

 
12.2 Calculation of the standard deviation of a set of values: 

 

( )
1

deviation Standard 1

2

−

−
=

∑
=

n

XX
n

i
n

 

 
12.3 Calculation of percent recovery: 

 
12.3.1 LCS and surrogates: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  
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12.3.2 Matrix spikes: 
 

100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%

 
12.4 Calculation of % RSD 

 

%RSD
X

= ⎛
⎝⎜

⎞
⎠⎟

×
Standard deviation   100  

 
12.5 Calculation of RPD 

 

( )RPD  =  
Value  -  Value 

Value  +  Value 
x

1 2
1 2 2

100  

 
12.6 Calculation of %Difference (%D) 

 

100 x 
value Reference

value ReferenceValue%Diff −
=  

 
12.7 Concentration 

 
12.7.1 Calculate the total or free cyanide in aqueous samples in µg/L as follows: 

 

)(
))()((/,

B
FDALgCN =µ  

 
Where, A = µg/L CN of sample from regression analysis 

 B = Liter of original sample for distillation (0.050 L, typically) 
 D = Any dilution factor 
 F = Sample receiving solution volume (0.050 L, typical) 

 
12.7.2 Calculate the total or free cyanide in soil/sediment samples in mg/kg as 

follows: 
 

))((
))()((/,

EB
FDAkggCN =µ  
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Where, A = µg/L CN of sample from regression analysis 
 B = Wet weight of original sample 
 D = Any dilution factor 
 E = % solids 
 F = Sample receiving solution volume  

 
12.7.3 Calculate amenable cyanide as follows: 

 
CNdchlorinateCNtotalLgCNAmenable −=/, µ  

 
12.6 Example dilution calculation 
 

Any sample with a value for total cyanide that exceeds the upper calibration 
range, must be analyzed at a dilution.  For example, if a 5x dilution is determined 
to be needed, 1 mL sample is added to 4 mL 0.25 NaOH. 

 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection limits  
and precision and accuracy for single analyst.  The data are retained by the QA 
department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing. 
 

15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 
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Samples preserved with HCl, HNO3, NaOH, Zn Acetate, or H2SO4 to pH <2 are 
hazardous and must be neutralized before being disposed, or must be handled as 
hazardous waste. 
 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 U.S. EPA CLP SOW ILM04.1 and ILM05.3, plus revisions (335.2/335.3 CLP-
M) 

 
16.2 The New York State Analytical Services Protocol (NYSASP), 6/2000, plus 

revisions 
 

16.3 Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods, 3rd 
Edition, Update III, 12/96, Method 9010B and 9012A 

 
16.4 Lachat QuickChem AE, Method 10-204-001-1-A, November 1992 
 
16.5 QCSOP: Proper Documentation Procedures 

 
16.6 QCSOP: Numerical Data Reduction 

 
16.7 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.8 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.9 NELAC Standards, approved June 2003, plus revisions 
 

16.10 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
16.11 New York State Environmental Laboratory Approval Program, Certification 

Manual, April 2005, plus revisions. 
 

16.12 CompuChem Quality Manual, Revision 6, Update 1, 5/20/05, plus revisions 
 
16.13 Sample Control SOPs 4.1  “Receiving Samples”  & 4.6 “Storing Samples” 
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16.14 Sample Preparation Procedure –072, “Aqueous Sample Midi-Distillation by CLP 
and NYSASP” 

 
16.15 Sample Preparation Procedure –093, “Aqueous Sample Total and Free Cyanide 

Midi-Distillation by SW-846 and NYSASP” 
 

16.16 Sample Preparation Procedure –139, “Solid Sample for Total Cyanide Midi-
Distillation by CLP and NYSASP” 

 
16.17 Sample Preparation Procedure –191, “Solid Sample for Total and Free Cyanide 

Midi-Distillation by SW-846 and NYSASP” 
 

16.18 Sample Preparation Procedure –094, “Midi Distillation of Aqueous Samples for 
Amenable Cyanide by CLP and NYSASP” 

 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 – Standards/QC Preparation for Cyanide by Lachat Log 
 
17.2 Attachment 2 – Cyanide Analysis Log 
 
17.3 Attachment 3 – Cyanide Reporting Limits 
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Attachment 1 
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Attachment 1 (Continued) 
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Attachment 1 (Continued) 
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Attachment 2 
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Attachment 3 
 
 

Reporting Limits for Cyanide 
 
 

Method Soil 
mg/Kg 

Water 
µg/L 

ILM04.1/ILM05.3 1.0 10 

335.2,335.3,9010B, 9012A, 
(335.2 (CLP-M)  10 
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Instrument Procedure 564: Colorimetric Determination of Hexavalent Chromium in 
Aqueous Samples by Lachat, Standard Methods, and SW-846 
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Instrument Procedure 564: Colorimetric Determination of Hexavalent Chromium in 
Aqueous Samples by Lachat, Standard Methods, and SW-846 

 
 
 
1.0 Scope and Application 
 

This automated colorimetric method is suitable for ground water, surface waters, 
domestic and industrial wastewaters, and leachate extracts and digestates.  This 
procedures measures only dissolved hexavalent chromium (Cr VI).  The applicable range 
is 10 – 400 μg/L. 
 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP’s requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

Hexavalent chromium is determined colorimetrically by reaction with diphenylcarbazide in 
acid solution.  This reaction produces a red violet color with a maximum absorbance at 540 
ηm. 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that can 
be measured and reported with 99% confidence that the analyte concentration is 
greater than zero and is determined form analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For some inorganic methods, the reporting limit 
is based on the MDL, and is usually 4-8 times higher than the MDL.  For organic 
methods, values detected below the reporting limit and above the MDL may be 
reported and qualified as an estimated concentration. 

 
3.3 Reporting Units – μg/L 

 
3.4 An SDG is defined by the following, whichever is more frequent: 
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• each 20 field samples received within a case, or 
 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The DoD-QSM and SC DHEC do not accept the SDG approach, 

unless the samples are prepared in a single batch.  When a group of 
up to 20 field samples of a similar matrix are prepared as one batch, 
method-specified QC samples such as a method blank, laboratory 
control sample, matrix spike, matrix spike duplicate, and matrix 
duplicate must also be prepared together at a rate of 5% for DoD-
QSM and 10% for SC DHEC.  If samples are batched together from 
different sites, project-specific QC must be processed. 

 
 3.5 SC DHEC – South Carolina Department of Health and Environmental Control 
 

3.6 DoD-QSM – Department of Defense Quality Systems Manual 
 
4.0 Interferences 
 

4.1 Substances that can reduce CR (VI) upon acidification such as cyanide and 
thiosulfate will cause negative interference in the results. 

 
4.2 Hexavalent molybdenum and mercury salts react to form color with the reagent, 

however, the red-violet intensities produced are much lower than those for 
chromium at the specified pH.  Vanadium interferes strongly is present at 
concentrations above 10 times that of chromium. 

 
4.3 Iron concentrations greater than 1 mg/L may produce a yellow color, bu thte 

ferric iron color is not strong and difficulty is not normally encountered if the 
absorbance is measured photometrically at the appropriate wavelength. 

 
5.0 Safety 
 

5.1 Appropriate protective equipment and clothing must be used under the 
assumption that all samples are potentially hazardous.  Safety glasses, gloves and 
lab coats are a minimum requirement.  The persistent presence of noxious odors 
may be indicative of failure of the laboratory ventilation system and must be 
reported to a supervisor or manager. 
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5.2 Laboratory staff are required to review the Chemical Hygiene Plan for general 
safety policies, and Material Safety Data Sheets for reagents used in the 
laboratory. 

 
6.0 Equipment and Supplies 
 

6.1 Zellweger Analytics Lachat QuikChem® 8000 Series FIA System 
 

6.1.1 Automatic sampler 
 
6.1.2 Proportioning pump 
 
6.1.3 Injection manifold  
 

6.2 Magnetic stirrer 
 

6.3 Various glassware including volumetric flasks 
 
6.4 Corning® 115 mL Filter System, Mode #430944 

 
7.0 Reagents and Standards 
 

7.1 Carrier Solution: Reagent Water - All water used during preparation is reagent-
grade Type I with regard to resistivity of > 10 megohm-cm (20th Edition of 
Standard Methods, Method 1080. 

 
7.2 Potassium chromate (K2CrO4) – analytical, reagent grade 
 
7.3 Color Reagent - Diphenylcarbazide solution 
 

7.3.1 Dissolve 0.20g of diphenylcarbazide in 100 mL of isopropanol in a 500 
mL volumetric flask.  Stir with a magnetic stirrer until dissolved.  Add 
approximately 350 mL reagent water and 40 mL concentrated H2SO4 and 
dilute to volume with reagent water.  Mix with a magnetic stirrer.  This 
solution is stable for one month. 

 
7.3.2 Prepare fresh monthly or when solution becomes colored. 
 

7.4 Sulfuric acid (H2SO4) – analytical, reagent grade 
 
7.5 Cr(VI) Stock Solution A (100 ppm) – Dissolve 0.3735 g dried potassium 

chromate in 1 L reagent water.  Prepare fresh annually. 
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7.6 Cr(VI) Stock B (100 ppm) – prepared as in Section 7.5 from an 

alternate source or lot.  Prepare fresh annually. 
 
7.7 Cr(VI) Intermediate Standard A (10 ppm) – Add 10 mL of Cr(VI) 

stock solution A to a 100mL volumetric flask and dilute to volume.  
Prepare fresh every six months. 

 
7.8 Cr(VI) ICV Solution (250 ppb) – Add 0.25mL of Cr(VI)  stock B to a 

100 mL volumetric flask and dilute to volume.  Prepare fresh every 
six months. 

 
7.9 Calibration Standards – Add 4.0, 2.0, 1.0, 0.5, 0.2, and 0.1 mLs of the 

Cr(VI) intermediate standard A to six 100 mL volumetric flasks.  Dilute 
each to volume with reagent water, resulting in concentrations of 400, 
200, 100, 50, 10 µg/L, respectively. 

 
7.10 Calibration Blanks (ICB/CCB) – Reagent water analyzed after the 

initial calibration and the continuing calibration verifications. 
 
8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control 
SOP 4.1, “Receiving Samples” and SOP 4.6, “Storing Samples.”   

 
8.2 Store samples at 4° C and run as soon as possible, but within 24 hours of sampling. 
 
8.3 The holding time for this test is 24 hours from the time of collection. 

 
9.0 Quality Control 
 

9.1 Initial Calibration Verification (ICV) – the ICV solution is a 250 µg/L solution 
prepared from a separate lot source of potassium chromate. 

 
9.1.1 The result of the ICV must agree within 90 - 110% of the true value.  The 

true value is 250 µg/L.  When the ICV is outside this range, the system 
must be checked, corrected, and recalibrated.  Limits must be met before 
sample analysis can proceed. 

 
9.2 Initial Calibration Blank (ICB) – A reagent blank is used to establish that the 

instrument is free of contamination.  One ICB must be analyzed per analytical 
sequence. 
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9.2.1 The result of the ICB must not be greater than the reporting limit.  If the 

limit is exceeded, determine and correct the problem and recalibrate. 
 

9.3 Continuing Calibration Verification (CCV) – The CCV is the 200 µg/L calibration 
standard. 

 
9.3.1 The result of the CCV must agree within 90-110% of the true value.  The true 

value is 200 µg/L.  The CCV must be analyzed every 10 analytical samples.  
When the CCV is out of range, determine and correct the problem, 
recalibrate, and reanalyze all affected samples. 

 
9.4 Continuing Calibration Blank (CCB) – The CCB is a reagent blank used to establish 

that the instrument is free from contamination.  A CCB is analyzed every 10 
analytical samples. 

 
9.4.1 The result of the CCB must not be greater than the reporting limit.  If the 

result exceeds the reporting, determine and correct the problem, recalibrate, 
and reanalyze the affected samples. 

 
9.5 Method Blank – The method blank is reagent water prepared in the same 

manner as the samples.  It is used to establish that the reagents and glassware 
are free from contamination.  One method blank must be analyzed per every 
twenty samples.  For SC DHEC analyzed the blank every 10 samples.  The 
method blank must be identified on the run log. 

 
9.5.1 If any value present in the method blank exceeds the reporting limit, the 

entire batch must be reprocessed using clean glassware. 
 

9.6 Laboratory Control Sample (LCS) – The LCS is a 250 µg/L solution prepared 
from a separate lot source of potassium chromate.  The LCS must be prepared 
with every 20 samples or each SDG, whichever is more frequent.  For SC DHEC, 
analyze an LCS with every 10 samples.  Accuracy of the process is determined 
from the LCS recovery. 
 
9.6.1 The result of the LCS must agree within 90 - 110% of the true value.  The 

true value is 250 µg/L.  When the LCS is outside this range, the system 
must be checked, a new QC sample made up, and the associated batch of 
samples must be reprocessed. 

 
9.7 Matrix Spike and Matrix Spike Duplicate (MS/MSD) – Two additional aliquots 

of native sample are spiked with 1.0 mL of 10 mg/L intermediate standard 
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solution to yield a spike concentration of 100 µg/L.  The MS/MSD pair is 
prepared for every SDG.  Precision and accuracy are determined from the 
MS/MSD RPD.  Failures must be documented on the runlog. 

 
9.7.1 For SC DHEC a duplicate is required at a 10% frequency.  The MS/MSD 

count towards this requirement. 

 
9.7.2 The MS/MSD recovery should fall within 75-125% of expected and the 

RPD should be < 20%.  If the MS/MSD fail criteria but the LCS passes, the 
results may be reported with the failure attributed to the sample matrix.  If a 
spiking error can be identified, the MS/MSD may be reprepared, or the 
amount of spike adjusted in the case of known double-spiking. 

 
9.8 Contingency 
 

9.8.1 If due to a lab accident or to QC failures, a re-preparation and analysis are 
required for the sample and insufficient sample volume remains, the 
Project Manager must be alerted and will contact the client for direction 
on how to proceed. 

 
9.8.2 If persistent contamination occurs in the laboratory, analysis must be halted 

until the source of the contamination can be identified and isolated.  When 
the contamination issue is resolved, samples analysis may proceed. 

 
9.8.3 Refer to the corresponding Data Review SOP (number will vary among 

sections) for information on how to handle reporting of data that are 
unacceptable or out-of-control. 

 
9.8.4 Any other issues that potentially effect data quality should also be addressed 

with the Project Manager. 
 
10.0 Calibration and Standardization 
 

10.1 Perform an initial calibration at the beginning of each sequence and when the CCV 
fails.  See Procedure (11.0) below for steps in the calibration. 

 
10.2 Calibration curve linearity:  After the instrument has been calibrated and before 

any samples can be analyzed, the correlation coefficient must be determined to be 
0.995 or greater. 

 
11.0 Procedure 
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Documentation must follow the requirements in Quality Control SOP 13.6 “Proper 
Documentation Procedure”. 
 
11.1 Filter each sample and a method blank prior to analysis. 
 
11.2 Perform an initial calibration by analyzing a 10 mL aliquot of each 

calibration standard.  Analyze an ICB after the six calibration standards. 
 
11.3 Analyze a CCV and CCB after every 10 samples and at the end of the 

analytical sequence. 
 
11.4 If the concentration of Cr(VI) exceeds the concentration of the high 

calibration standard, dilute and reanalyze the sample. 
 

11.5 Operating the Lachat QuikChem 8000 Series 
 

11.5.1 Inspect the manifold for proper connections. 
 
11.5.2 Turn on the power to the instrument. 
 
11.5.3 Secure the pump cassettes and place transmission lines in the carrier and 

color reagent. 
 
11.5.4 Select and download the method for hexavalent chromium. 
 
11.5.5 Allow the system to pump until the baseline is steady. 
 
11.5.6 Place the standards in the rack in descending order of concentration 

followed by QC and samples following the sequence outlined in the 
Hexavalent Chromium Run Log. 

 
11.5.7 Enter the sample IDs into the sample tray. 
 
11.5.8 Submit the tray and calibrate the instrument. 
 
11.5.9 When the tray is complete, rinse the lines with reagent water.  Pump 

water through the system for 10 minutes to remove any reagents in the 
lines. 

 
11.5.10 Once lines are rinsed, remove the carrier and reagent lines from the 

water and pump air through the system until it is dry. 
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11.5.11 To release tension on the pump tubing, remove pump cassettes and turn 
off the instrument. 

 
12.0 Data Analysis and Calculations 

 
All calculations must be consistent with the Quality Control SOP 13.4 “Numerical Data 
Reduction”. 

 
12.1 Calculate concentration of hexavalent chromium (µg/L): 

 
Concentration = (sample conc. µg/L) x (dilution factor) 
 

12.2 Calculate dry weight: 
 

dry wt =  wt container – dry sample 
wt container – wet sample 

 
12.3 Calculate concentration of Cr(VI) in a water leachate (mg/Kg) 

 
Conc. =   (Sample concentration in µg/L)(Final sample volume in L) 

(Dry weight)(Sample weight in g) 
 

12.4 Percent Recovery (%R): 
 

%R =   SSR – SR x 100 
SA 

 
where: 

SSR = Sample Spike Result 
SR = Sample Result 
SA = Spike Added 

 
12.5 Relative Percent Difference (RPD): 

 
RPD =  (MSR - MSDR) x 100 

½ (MSR = MSDR) 
 

where: MSR = Matrix Spike Recovery 
MSDR = Matrix Spike Duplicate Recovery 

 
12.6 Data Review and Verification 
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12.6.1 Review and verification must follow the procedures in the Inorganic Wet 
Chemistry and Organic Characterization SOP 14.3.2.1, “Procedures for 
Wet Chemistry Data Review and Verification”. 

 
12.6.2 Initial review is performed by the analyst who also generates the final 

report.  A peer or supervisory review is performed prior to release of 
analytical results to the client. 

 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits and precision and accuracy for single analyst.  The data are retained by the QA 
department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing.  See SOP 12.1, Hazardous Waste 
Disposal, regarding laboratory procedures for recycling solvent waste streams. 
 

15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 
 
Samples preserved with HCl or H2SO4 to pH <2 are hazardous and must be handled as 
hazardous waste. 
 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 Lachat QuikChem Method 10-124-13-1-A, July 1986 
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16.2 19th Edition of Standard Methods, 1995, Method 3500 Cr-D and 20th Edition of 

Standard Methods, 1998, Method 3500 Cr-B. 
 
16.3 Test Methods for Evaluating Solid Waste:  Physical/Chemical Methods, SW-846, 

3rd Edition, Update III, 12/96, Method 7196A 
 

16.4 “Less is Better:  Laboratory Chemical Management for Waste Reduction”, 
American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington D.C., 20036 (202) 872-4477. 

 
16.5 NELAC Standards, June 2003, plus revisions 
 
16.6 QA-G6:  Guidance for the Preparation of Standard Operating Procedures for 

Quality-Related Operations EPA/600/R-96/027, November 1995. 
 
16.7 CompuChem Quality Manual, Revision 7, Update 1, 12/13/05, with revisions 

 
17.0 Attachments as Tables, Diagrams, & Flowcharts 
 

17.1 Attachment 1 - Hexavalent Chromium Analysis Run Log Example 
 
17.2 Attachment 2 - QC/Standards Preparation Log  
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Attachment 1 
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Attachment 2 
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Instrument Procedure 576: Determination of Hexavalent Chromium in Soil Matrices using 
SW-846 Method 7196A. 

 
 
 
 
1.0 Scope and Application 
 
 This procedure is used to determine the concentration of Hexavalent Chromium [Cr (VI)] 

in solid matrices prepared using method 3060A. 
 
2.0 Summary of Method 
 
 Solid samples are digested according to SOP 3.5.8.2 “Alkaline Digestion of Solid 

Matrices by Method 3060A for Analysis of Hexavalent Chromium [Cr (VI))]”.  
Diphenylcarbazide solution is added to the resulting sample and the pH of the sample is 
adjusted with sulfuric acid. The reaction produces a red-violet color.  The absorbance of 
the sample is measured at 540 ηm using a spectrophotometer. 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater that zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The reporting limit is based on the MDL, and is usually 4-8 

times higher than the MDL.  
  
3.3 Reporting Units – mg/Kg for soil 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are 

received (14 calendar days if requested by the client) beginning with the 
receipt of the first sample. 

 
NOTE: The DoD-QSM and the South Carolina Department of Health and 

Environmental Control (SC DHEC) do not accept the SDG approach, unless 
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the samples are prepared in a single batch.  When a group of up to 20 field 
samples of a similar matrix are prepared as one batch, method-specified QC 
samples such as a method blank, laboratory control sample, matrix spike, 
matrix spike duplicate, and matrix duplicate must also be prepared together at a 
rate of 5% for the DoD-QSM, and 10% for SC DHEC.  If samples are batched 
together from different sites, project-specific QC must be processed. 

 
3.5 DoD-QSM – Department of Defense Quality Systems Manual 

 
4.0 Interferences 
 

4.1 Substances may interfere with the accurate determination of Cr (VI), if the 
concentration of chromium is low in the sample being measured 

 
4.2 Hexavalent molybdenum and mercury salts also react with diphenylcarbazide to 

produce a red-violet color, but the color is much less intense than that produced 
by the Cr (VI) reaction at the specified pH. 

 
4.3 Vanadium interferes; however, the effects of concentrations of Vanadium up to 10 

times that of Cr (VI) are minimal. 
 
5.0 Safety 
 

Appropriate protective equipment and clothing must be used under the assumption that 
all samples are potentially hazardous.  Care must be taken when handling corrosive 
materials such as concentrated acids and bases to prevent injury.  Safety glasses, gloves 
and lab coats are a minimum requirement.  The persistent presence of noxious odors may 
be indicative of a failure of the laboratory’s ventilation system and must be reported to a 
supervisor or manager. 

   
Laboratory staff are required to review the Chemical Hygiene Plan for general safety 
policies, and Material Safety Data Sheets for information associated with reagents used in 
the laboratory. 

 
6.0 Equipment and Supplies 
 
 6.1 Spectrophotometer – Spectronic 21D  
 
 6.2 Volumetric pipettes:  calibrated automatic pipettes 
 

6.3 Volumetric Flasks:  Class A glassware, various sizes, with stoppers, or equivalent. 
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7.0 Reagents and Standards 
 

7.1 Reagent Water – All water used during preparation must be Type I with regard to 
resistivity of > 10 megohm-cm at 25º C (20th Editions of Standard Methods, 
Method 1080). 

 
7.2 Potassium chromate – analytical reagent grade 
 
7.3 Potassium chromate stock solution [1000 mg/L Cr (VI)] – Dissolve 3.731 grams 

of dried K2CrO4 in reagent water in a 1liter flask.  Dilute to volume. (One mL of 
K2CrO4 solution equals 1 mg of chromium).  Prepare fresh annually. 

 
7.4 Matrix spiking solution – [100mg/L Cr (VI)] – Add 10.0 mL of potassium 

chromate stock solution (Section 7.3) to a 100 mL volumetric flask and dilute to 
volume with reagent water.  Mix well. Prepare fresh every six months. 

 
7.5 Diphenylcarbazide solution – Dissolve 250 mg of 1, 5-diphenylcarbazide in 50 

mL of acetone.  Store the solution in an amber bottle.  Prepare fresh monthly or 
sooner, if solution becomes colored.  

 
 7.6  Acetone – analytical reagent grade 
 

7.7 Sulfuric acid (H2SO4) 10% (v/v) – Add 10mL of distilled reagent grade H2SO4 to 
a 100 mL volumetric flask and dilute to volume with reagent water.  

 
7.8 Five initial calibration standards at concentrations of 0.05, 0.1, 0.4, 1.0, and 2.0 

mg/L.   See Attachment 1 for standard preparation procedures.  Prepare fresh 
daily. 

 
7.9 Hexavalent Chromium solid reference material – NSI Solutions Inc., Catalog # 

SQCI-003.   
 
8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to sample control SOPs 4.1, 
“Receiving Samples” and 4.6, “Storing Samples.”  

 
8.2 Cr (VI) has been shown to be quantitatively stable in soil field samples for 30 

days from collection.  Cr (VI) has been shown to be stable in alkaline samples for 
up to 168 hours (7 days). 



Section No. 3.5.8.3 
Revision No. 0 
Date: May 4, 2006 
Page 5 of 12 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 

 
8.3 Store digested samples at 4 ºC (± 2º C) until analysis. 
 

9.0 Quality Control  
 

9.1 A method blank must be prepared with each digestion batch. The concentration of 
Cr (VI) in the method blank must be less that the reporting limit or the batch must 
be re-digested. 

 
9.2 A laboratory control sample (LCS) must be prepared with each digestion batch.  

The recovery of Cr (VI) in the LCS must be within 80 to 120 % or the batch must 
be re-digested. 

 
9.3 A duplicate sample or a matrix spike duplicate must be prepared per SDG.  The 

relative percent difference (RPD) between the duplicate samples must be ≤ 20%, 
if both the original and duplicate are ≥ 4 times the reporting limit. 

 
9.4 A soluble and insoluble matrix spike must be prepared per SDG.  The percent 

recovery for the matrix spikes should be within 75 to 125%.  If the matrix spike 
recoveries are not with control limits re-digest and analyze samples.  If the matrix 
spike recoveries are still outside of control limits, but the LCS met acceptance 
criteria report the matrix spikes.  Qualify the data in the SDG narrative. 

 
9.5 Verify the absence of reduction reaction and chemical interference that might 

affect color development by analyzing one post-digestion spike (PDS) per sample 
matrix. 

 
9.5.1 Prepare the PDS by spiking a 10 mL aliquot of the digested sample.  Add 

enough matrix spiking solution to the sample to double the concentration 
of Cr (VI) present and analyze. 

 
9.5.2 If the spike recovery in the PDS is within 85 to 115%, the absence of 

interfering compounds is verified.   
 
9.5.3 If the recovery is outside the control limits, dilute and reanalyze the PDS. 
 
9.5.4 After reanalysis if the recovery of the PDS remains outside of the control 

limits an alternate determination method should be used. 
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10.0 Calibration and Standardization 
 

10.1 Verify that a wavelength calibration has been performed on the spectrophotometer 
within the last two years, before taking any measurements.  Refer to SOP 11.3.2.1 
“Wavelength Calibration Check for Spectronic 21D Spectrophotometer”. 

 
10.2 Develop the color of the standards using the procedure used for the samples.  See 

section 11.0. 
 
10.3 Analyze an initial calibration daily before analyzing any field or QC samples.  

The standard concentrations analyzed are listed in section 7.8.  Measure the 
absorption at 540 ηm using a 1 cm absorption cell.   

 
10.3.1 Analyze a calibration blank.  Correct the absorbance reading for each 

standard by subtracting the absorbance of the calibration blank. 
 

10.3.2 Analyze the calibration standards.  The calibration is acceptable if the 
correlation coefficient of the curve is ≥ 0.995. 

 
10.3.3 The initial calibration verification (ICV) standard is an LCS prepared from 

a second source solid reference standard that is carried through the 
digestion process and analyzed on each analytical run.  The recovery of Cr 
(VI) must be within 90 to 110% of the true value. 

 
10.3.4 Analyze a continuing calibration verification (CCV) standard after every 

10 samples and at the end of the analytical run.  The control limits for the 
CCV are 90 to110% of the true value. 

 
11.0 Procedure 
 

Documentation must follow the requirements in QC SOP 13.6 “Proper Documentation 
Procedures”. 
  
11.1 Prior to color development, measure the absorbance of each sample at 540 ηm.  

Use this value to correct the absorbance of each sample. 
 
11.2 Transfer 95 mL of sample to a 100 mL volumetric flask.  Add 2 mL of 

diphenylcarbazide solution and mix. 
 
11.3 Adjust the pH to between 1.6 and 2.2 with 10% sulfuric acid and dilute to volume 

with reagent water. 
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11.4 Let stand for 5 to 10 minutes to allow for full color development. 
 
11.5 Transfer 5 mL of each sample to a 1 cm absorbance cell and measure its 

absorbance at 540 ηm. 
 
11.6 Analyze a continuing calibration verification (CCV) standard after every 10 

analytical samples and at the end of the analytical run. 
    

11.7 Calculate the concentration of Cr (VI) in samples using the equations in section 
12.0. 

 
11.8 Results in mg/L are obtained by plotting final absorbance of sample or linear 

regression of absorbance vs. concentration 
 
12.0 Calculations 
 

Calculations must be consistent with the Quality Control SOP 13.4 “Numerical Data 
Reduction”. 
 
12.1 Calculate concentration of Cr (VI) in (mg/Kg): 

   
    Sample concentration (mg/L)  x  final sample volume (L) 
  Conc. =  _____________________________________________________________________ 

    Initial sample weight (Kg)  x  dry weight 
 

 
12.2 Calculate the dry weight: 

 
wt container – dry sample 

dry wt  =  _________________________________ 

wt container – wet sample 
 
 

12.3 Calculation of percent recovery: 
 
12.3.1 LCS: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  
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12.3.2 Matrix spikes: 

 

100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%

. 
13.0 Method Performance 
 

This method is validated through in-house laboratory studies of method detection limits 
and precision and accuracy for a single analyst.  The data are retained by the QA 
department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
eliminates the quantity or toxicity of waste at the point of generation.  Numerous 
opportunities for pollution prevention exist in laboratory operation.  The EPA has 
established a preferred hierarchy of environmental management techniques that places 
pollution prevention as the management option of first choice.  Whenever feasible, 
laboratory personnel should use pollution prevention techniques to address their waste 
generation.  When wastes cannot be feasibly reduced at the source, the Agency 
recommends recycling as the next best thing.  See SOP 12.1, Hazardous Waste Disposal, 
regarding laboratory procedures for recycling solvent waste streams. 

 
15.0 Waste Management  
    

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl are hazardous and must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 
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16.0 References 
 
16.1 “Test Methods for Evaluating Solid Wastes: Physical/Chemical Methods”, SW-

846, 3rd Edition, Update III, 12/96, Method 7196A. 
 

16.2 Hazardous Waste Management & Safety SOP: Hazardous Waste Disposal” and 
“Spill Control and Cleanup” 

 
16.3 “Less is Better:  Laboratory Chemical Management for Waste Reduction”, 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington D.C., 20036 (202) 872-4477. 

 
16.4 “The Waste Management Manual for Laboratory Personnel”, American Chemical 

Society 
 
16.5 NELAC Standards, June 2003. 
 
16.6 QA-G6:  Guidance for the Preparation of Standard Operating Procedures for 

Quality-Related Operations EPA/600/R-96/027, November 1995. 
 
16.7 CompuChem Quality Manual, Revision 7, Update 1, 12/13/05. 

 
17.0 Attachments as Tables, Diagrams and Flow Charts 
 
 17.1 Attachment 1 – Hexavalent Chromium Analysis Log 
 
 17.2 Attachment 2 – Reagents/Standards Preparation Log for Hexavalent Chromium 
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Attachment 1 
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Attachment 2 
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Attachment 2 (continued) 
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Sample Control SOP 4.1 Receiving Samples 
 
 
1.0 Scope and Application 
 

This Standard Operating Procedure (SOP) describes the process of receiving samples 
from the US EPA and commercial clients.  It contains a full description of the log-in 
procedure. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of employees experienced 
or trained in the processes described below. 

 
2.0 Summary 
 

After all incoming samples have been received from the carrier at the loading dock, the 
Sample Control clerk logs them in.  When they are received, the sample containers must 
be checked to ensure that they are intact.  Any damage to the sample containers must be 
noted on the appropriate paperwork.  Chains-of-custody (COCs) must be verified against 
the actual sample received.  Sample information is entered into the Laboratory 
Information Management System (LIMS) for scheduling and tracking purposes.  Finally, 
the samples are placed into cold storage until preparation and analysis. 

 
3.0 Definitions 
 

3.1 Sample Control Department - The name "Receiving Department" or “Shipping 
and Receiving Department” may be used interchangeably.  Staff include the the 
Supervisor of Sample and Document Control, Project Manager, Sample Control 
Clerks, and the Assistant EPA Coordinator and/or their assistant. 

 
3.2 LIMS – laboratory information management system.    

 
3.3 NJDEP - New Jersey Department of Environmental Protection 

 
3.4 COC – a chain-of-custody form that arrives with the sample containers.  It is 

located inside the cooler and it identifies the samples, the requested analyses, 
dates and signatures of people receiving and relinquishing custody of the samples, 
the number of sample containers, etc. 
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3.5 Quality Assurance (QA) Notice - used to notify the client and laboratory of any 

outstanding issues or variances regarding the sample (e.g., sample temperature) 
 

3.6 Horizon Sample Number (HSN) – A laboratory identifier assigned to each sample 
by the LIMS.  The sample is tracked internally by means of the Horizon Sample 
Number. 

 
3.7 Custodian – designated staff who have responsibility for sample security, storage 

and custody and who control access to the sample storage units. 
 

3.8 CLP - U.S. EPA Contract Laboratory Program; refers to sample received for 
analyses as specified in a statement of work. 

 
3.9 NON-CLP - refers to samples received for an analysis other than CLP, commonly 

referred to in the lab as “commercial.” 
 

3.10 Statement of Work - SOW, a document that provides guidelines about sample 
preparation, analysis, and handling. 

 
3.11 CDP - Client documentation package; contains all of the documentation received 

with the sample containers in addition to forms completed during sample receipt.  
A copy of the CDP is stored in Customer Service by case number and the original 
CDP is stored by receipt date in Sample Control. 

 
3.12 RAS - Routine Analytical Services signifies that the samples are to be processed 

exactly as presented in a specified SOW (i.e., routinely). 
 

3.13 DAS - Delivery of Analytical Services (formerly SAS) identifies special 
preparation/analytical instructions not identified in an SOW but requested by the 
EPA. 

 
3.14 RAS + DAS  - signifies that samples are to be processed according to the 

guidelines specified in an SOW with additional preparation/analytical 
instructions. 

 
3.15 CSF Gray Envelope (Folder) – A gray (or other colored) metal clasp folder that 

contains completed receiving documents.  Originals are placed into the lowest 
numbered sample delivery group (SDG).  One CSF Gray Envelope is generated 
for each water and soil organic and inorganic SDG.  The CSF Gray Folder applies 
only to EPA unless requested by commercial clients. 

 
3.16 Customer Service Department – The department includes Customer Service 
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representatives and/or Project Managers depending on the current staffing 
requirements. 

 
3.17 NCDENR – North Carolina Department of Environment and Natural Resources 

 
3.18 VOA – volatile organic analysis 

 
3.19 Flexibility Clause – The clause, associated with CLP contracts, allows data users 

to request minor changes to the current SOW. 
 
4.0 Safety 
 

4.1 Glasses, gloves and lab coats are required to be worn when sample coolers are 
being unpacked and work is being performed with samples at the hood and when 
samples are being purged. 

 
4.2 All samples should be treated and handled as if they are hazardous. 

 
4.3 Laboratory staff is encouraged to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets for reagents used in the 
laboratory. 

 
5.0 Equipment and Supplies 
 

5.1 NIST – traceable thermometer with a minimum measurable range of 0-50° C with 
a calibration tolerance of ± 1.0° C. 

 
5.1.1 Other temperature measurement devices that can be calibrated to ± 1.0° C 

and have a range of 0-20° C, such as an IR gun. 
 

5.2 narrow range pH paper 
 

5.3 lead acetate test strips 
 

5.4 potassium iodide starch test strips 
 
6.0 Sample Collection, Preservation, & Storage 
 

6.1 Attachment 1 contains the table of sample preservation and holding times. 
 

6.2 See Sample Control 4.6, “Storing Samples” for storage conditions. 
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7.0 Quality Control/Corrective Action 
 

7.1 Should any problems or questions arise which are not adequately addressed in the 
text of this SOP, consult your supervisor. 

 
7.2 Discrepancies noted during receipt and log-in are documented in Quality 

Assurance (QA) notices (Attachments 2-7), on the COC, or in communication 
logs and discussed with the client before proceeding.  Project Manager is notified 
of the discrepancy, contacts the client for resolution, and provides feedback to the 
receiving clerk on how to proceed. 

 
7.3 All calibrated thermometers should be labeled with the calibration date, initials of 

the person performing the calibration, and have a unique identifier, i.e. serial 
number. 

 
7.3.1 Contact the Organic Standards Chemist if the label is missing from the 

thermometer. 
 

7.4 Every attempt should be made to complete the sample receiving process so that 
samples do not remain outside refrigeration for longer than one hour.  For 
samples put on hold or for which there are questions awaiting resolution from the 
client, put the samples on a cart and wheel them into the walk-in storage unit until 
further notice. 

 
8.0 Calibration and Standardization 
 

8.1 The Vice President of Quality Assurance and Technology calibrates the IR Gun 
every three months using the NIST thermometer.  Sample Control staff performs 
a check using three different bottle types (plastic, amber glass, and clear glass).  A 
check of the calibration is performed once a week and is completed by placing a 
calibrated thermometer into each of the three different pre-chilled bottle types 
(water filled), and noting the temperature after the thermometer has stabilized.  At 
the same time the thermometer stabilizes, the IR Gun should be placed 
approximately 13 inches from the bottle being checked and the trigger should be 
pulled to lock the temperature into the IR Gun's view screen.  Each of the 
temperatures should be noted in Logbook 7 S 1 (IR Gun Check, Attachment 8).  
The tolerance for the check of the IR Gun is ± 1° C. 

 
8.2 The Organic Standards Chemist calibrates all NIST-traceable thermometers 

against a NIST thermometer on an annual basis.  Records are maintained in the 
Standards Laboratory.  Temperatures of storage units are recorded daily in each 
of their respective logbooks (Attachment 9). 
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9.0 Procedures 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures.  The sample coolers are routinely delivered by standard courier such as 
Federal Express or UPS or may be hand-delivered from the field.  All coolers are handled 
in the following manner. 

 
9.1 Check the cooler and each sample container for damage. 

 
9.1.1 Check the exterior of the cooler for any signs of damage such as a broken 

seal, signs of sample leakage, etc.  Note any observed damage on the 
commercial COC (Attachment 10) or EPA Organic/Inorganic Traffic 
Report (Attachments 11 and 12.) 

 
9.1.2 Place the cooler under a hood to open.  If this is not possible, place 

the coolers on the floor next to the hood.  When removing the 
samples place them immediately in the hood. 

 
9.1.2.1 Immediately after opening the cooler, and prior to the removal of 

any samples, the temperature of the sample shipping cooler is 
measured as described in Section 9.2 of this SOP. 

 
9.1.2.2 If a sample container is completely broken, therefore 

unsalvageable, sample volume is properly disposed following 
Hazardous Waste SOP 12.1, “Hazardous Waste Disposal”.   

 
9.1.2.3 If a sample container is broken or any type of sample spill occurs 

in the laboratory, clean-up should following guidelines given in 
Hazardous Waste SOP 12.2, “Spill Control and Cleanup”.  . 

 
9.1.2.4 If a soil sample container is broken or cracked and the raw sample 

has not come into contact with another sample, the sample may be 
salvageable.  The decision of whether to salvage the sample is left 
to the client.  The Project Manager will notify the client of the 
situation.  If the client chooses to continue the analysis, note  this 
information on the COC. 

 
9.2 Checking and recording the temperature of a sample. 

 
9.2.1 Temperature Requirements 

 
9.2.1.1 Commercial clients typically require sample temperature to be 4 ± 

2° C.  For samples submitted to meet the regulatory requirements 
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of North Carolina DENR, the temperature tolerance is 2 - 4.4° C.  
For the US EPA the temperature must not exceed 10° C. 

 
9.2.1.2 The NIST-traceable thermometer or IR gun, must have a minimum 

measurable range of 0 - 50° C with a calibration tolerance of ± 1.0° 
C in order to be used. 

 
9.2.1.2.1 Alternate temperature measurement devices may be 

used if they can be calibrated to ± 1.0° C and have a 
working range of 0 - 20° C. 

 
9.2.1.3 If a temperature reading is suspicious or does not meet the 

anticipated temperature range, the temperature should be double 
checked using an alternate measuring device.  For example, if the 
IR gun returns a temperature below zero but the samples do not 
appear frozen or feel cold to the touch, then the temperature should 
be verified using a traceable thermometer or other measuring 
device.    

 
9.2.1.3.1 If the problem persists, the measuring device should 

be removed from service until it is re-calibrated. 
 

9.2.1.4 Once a year the Organic Standards Chemist calibrates all 
laboratory thermometers against the laboratory NIST thermometer.  
Thermometers are calibrated at their point of use and the NIST 
thermometer is calibrated at ice point and boiling point.  Every 
three months a calibration of the IR gun is performed.   

   
9.2.2 IR Gun 

 
9.2.2.1 The IR Gun is used for temperature determination.  A bottle from 

the cooler (as close to the center as possible) is used.  The 
temperature must be measured upon opening the cooler and prior 
to unpacking the samples and removing any packing material. 

 
9.2.2.2 Place the IR Gun approximately 13 inches from the bottle and 

squeeze the trigger.  The bottle temperature will now be locked 
on the IR Gun's view screen.  When aiming the IR Gun towards 
the bottle, eliminate as much background interference by holding 
the gun level and making sure that other material surrounding the 
bottle is not also being checked.  Once the temperature is known 
it should be documented on the COC and log in sheet.  All 
correction factors should be applied. 
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9.2.2.2.1 If the correction factor for clear glass containers is 

1° C and the temperature of a sample in a clear 
glass container reads 4° C with the IR Gun, then a 
temperature of 5° C should be recorded on the COC 
and log in sheet, etc. 

 
9.2.3 Temperature Recording for Coolers received with a Temperature Indicator 

Bottle (temperature blank) 
 

9.2.3.1 The temperature of the "USEPA Cooler Temperature Indicator," 
received under the USEPA Contract Laboratory Program (CLP) 
Statement of Work (SOW) is measured with the IR gun.  Some 
non-CLP clients refer to this temperature indicator as a 
temperature blank. 

 
9.2.3.2 Alternatively, a calibrated NIST-traceable thermometer may be 

used.  Remove the cooler temperature indicator bottle cap, insert 
the thermometer into the bottle, and allow a minimum of one 
minute for equilibration before taking the temperature. 

 
9.2.4 Temperature Recording Coolers received without a Temperature Indicator 

Bottle (temperature blank) 
 

9.2.4.1 If a Cooler Temperature Indicator bottle is not present in an EPA 
cooler, the EPA Coordinator or Assistant is required to contact the 
Sample Management Office (SMO), inform them of that fact, and 
use an alternative means of determining the cooler temperature. 

 
9.2.4.2 The following is a list of options employed by CompuChem to 

determine the cooler temperature.  As required by the CLP SOW 
documents, the alternative technique used to determine the cooler 
temperature must be documented in the SDG Narrative.  
Additionally, the QA Notice (attachment 5 and 6) must be included 
for EPA samples. 

 
   9.2.4.3 Options for Water Samples 
 

• An aliquot from a sample bottle designated for extractable 
organics or metals is poured into a disposable container, a 
thermometer is inserted into the disposable container, and the 
temperature is taken and recorded after an approximately one 
minute equilibration period.  The contents of the disposable 
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container are then properly discarded and not returned to the 
sample bottle. 

 
• A calibrated IR temperature gun is focused onto a sample 

container, contained in the cooler, and after a minimum of 5 
seconds, a temperature reading is taken and recorded. 

 
9.2.4.4 Options for Soil Samples 

 
• A calibrated IR gun is used, as indicated for water samples. 

 
9.2.5 Recording Temperature Information 

 
9.2.5.1 Record information on the receiving log (Attachment 13 for EPA 

organic samples, Attachment 14 for EPA inorganic samples, and 
Attachment 15 for commercial samples) found in the Sample 
Control area.  Also record the information on the EPA or 
commercial COC. 

 
9.2.5.2 If the temperature is out of range (4 +/- 2o C for most 

commercial clients except as stated below), complete the 
appropriate sections of the required QA Notice (Attachment 2).  
The Project Manager will notify the commercial client of 
unacceptable temperature readings so the client can direct 
CompuChem on how to process the samples. 

 
For samples received out of the range specified by North 
Carolina (2 - 4.4° C), CompuChem is responsible to notify the 
State Laboratory of the excursion, if samples have been 
submitted to meet the regulatory requirements of the NC DENR. 

 
9.2.5.3 For EPA samples, if the Cooler temperature exceeds 10° C, the 

EPA Coordinator or Assistant contacts SMO and informs them 
of the temperature deviation.  The SMO will obtain directions 
from the Region that must be documented and included in the 
SDG Narrative.  The narrative information will list, by fraction, 
the EPA sample number of all samples received in a cooler with 
a temperature exceeding 10° C.  The actual temperature should 
also be included in the narrative. 

 
The SMO conversation is documented through the use of e-mail 
correspondence. This process is utilized for all issues or 
discrepancies. 
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Also, for EPA CLP dissolved metals samples, review the traffic 
report or COC for digestion instructions.  If there are none, the 
samples designated as dissolved metals will be digested. 

 
9.3 Verification process for the COC 

 
9.3.1 Remove all paperwork and each sample container and place them on the 

receiving table under the hood. 
 

9.3.2 Sign your full name and enter the date and time (of delivery by courier) on 
the COC under "received by laboratory." 

 
9.3.3 Check each sample container for signs of damage.  Note any observed 

damage on the sample's COC. 
 

9.3.4 Verify that all information, including sample identifiers that appear on the 
sample container, matches the information on the COC, packing list, and 
traffic sheets, which are located inside the cooler.  Note any discrepancies 
on the COC.  Contact the Customer Service representative or Project 
Manager for non-EPA samples so that they can contact the client for 
resolution. 

 
9.3.5 If discrepancies are found, the EPA Coordinator or Assistant notifies the 

Sample Management Office (SMO).  The Receiving Clerk must note the 
discrepancy on the Traffic Report. 

 
9.3.6 On each complete EPA Traffic Report, stamp or write the statement 

"received in good condition" (or for commercial clients circle the “Y”/”N” 
option on the receiving log) and initial and date (mm/dd/yy) if the samples 
meet the following conditions: 

 
• were received intact 

 
• all information on the COC represents actual Cooler contents 

 
• had all associated sample tags 

 
• had all custody seals intact 

 
• had a proper pH for inorganics and wet chemistry samples 
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• had all corresponding documentation 
 

Note: Sample temperature is not a consideration when using the 
statement "received in good condition."  However, the 
temperature must be noted on the receiving log and the Traffic 
Report/COC. 

 
9.3.7 If the samples do not meet the "good condition" criteria established above, 

make the proper notations on the COC and the receiving log, and initial 
and date the notations. 

 
9.4 Measuring sample pH 

 
9.4.1 Check the pH of every pre-preserved inorganic, wet chemistry, and 

organic Method 608 sample, except those requiring analysis for VOA, 
RSK175 (Methane, Ethane and Ethene), and GRO, following Sample 
Control SOP 4.3, “Checking and Recording pH of Aqueous Cyanides; 
Phenols; and Wet Chemistry Samples.”   

 
9.4.2 Record each sample's pH on the receiving log under the pH column, and 

on the COC.  If a sample is not pre-preserved or is a VOA or GRO that 
cannot be opened due to headspace, record “NA” under the pH column of 
the receiving log. 

 
9.4.3 If the pH is out of range, complete the appropriate QA notice (Attachment 

3).  The Project Manager will notify the commercial client of unacceptable 
pH readings so the client can direct the laboratory on how to process the 
samples.  The EPA Coordinator or Assistant will contact SMO. 

 
9.4.4 For those organic samples to be analyzed by Method 608, which will not 

be extracted within 72 hours of collection, the pH must be checked and 
adjusted to between 5.0 and 9.0 at the time of receipt.  The pH must be 
adjusted with NaOH or H2SO4 and the amount added must be recorded.  
The Receiving Clerk makes the pH adjustment. 

 
9.4.5 For samples received which are improperly preserved and have been 

submitted to meet the regulatory requirements of the NC DENR, the 
laboratory is responsible for notifying the State Laboratory of the 
situation.  If a replacement sample cannot be obtained, results of the 
original sample must be qualified. 

 
9.5 Residual chlorine and sulfide checks 
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9.5.1 Perform a residual chlorine check on all samples that are being analyzed 
for cyanide and phenol and perform a sulfide check for all samples to be 
analyzed for cyanide.  See Sample Control SOP 4.13, “Handling and 
Verifying Proper Preservation of Samples Being Analyzed for Cyanide or 
Phenol”.  Fill out the appropriate QA Notice (Attachment 4 and 
Attachment 5) if needed. 

 
9.6 Aqueous volatile check 

 
9.6.1 Check each volatile water sample for air bubbles and headspace (empty 

space inside the vials; vials must be filled completely with sample).  Note 
any observance of air bubbles or headspace on the COC and the receiving 
log.  Air bubbles larger than the size of a pea should be brought to the 
attention of the Customer Service representative or Project Manager so 
that the commercial client can be contacted to obtain instructions on how 
to proceed.  The EPA Coordinator or Assistant will contact SMO. 

 
Note: Pea size bubbles are those not exceeding ¼ inch or 6 mm in 

diameter.  This is defined in SW-846 Chapter 4, Update III, 12/96. 
 

For NJDEP aqueous VOA samples, no air bubbles or headspace is 
allowed. 

 
9.6.2 In instances where aqueous samples have been submitted to meet the 

regulatory requirements of NCDENR, the State Laboratory must be 
notified if there is headspace or large air bubbles.  If no replacement 
sample can be obtained, the results of the original sample must be 
qualified. 

 
9.7 Completing the process for commercial samples 

 
9.7.1 The Sample Control clerk completes all areas of the Receiving Log and/or 

commercial COC except for the following areas that are completed by the 
Customer Service representative for commercial samples. 

 
 PPS/RFA 

 
 Lab Instructions 

 
 Quote 

 
 Login No. 
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 Subcontract 
 

 TAT 
 

 Sample Login By 
 

 CompuChem ID 
 

 QC 
 

Note: Because the CompuChem COC has all the pertinent information, 
the receiving log is optional for commercial cooler receipts.  
However, sometimes a client COC is received and a commercial 
login sheet is needed. 

 
9.7.2 The Sample Control clerk forwards the paperwork to the Project Manager 

where the following sample receiving steps are completed. 
 

9.7.2.1 The commercial client is contacted, if necessary, regarding any 
discrepancies noted upon sample receipt. 

 
9.7.2.2 The Project Manager performs the order entry procedure at which 

point HSAs are assigned.  See Customer Service SOP 5.4, “Order 
Entry.” 

 
9.7.2.3 Project Managers maintain the client documentation package 

(CDP).  A copy of the CDP is scanned as an Adobe Acrobat .pdf 
file and maintained electronically for reference. 

 
9.7.2.4 The CDP contains "original" paperwork and COCs and are 

maintained in client/project specific files in Customer 
Service/Project Management.  Client-specific requirements are met 
for handling of "original" paperwork. 

 
9.7.3 At the request of the commercial client, volatile holding/storage blanks are 

created as described in Sample Control SOP 4.9, "Preparing and Handling 
Test Samples."  Test samples are routinely generated for EPA samples. 

 
9.7.4 After order entry, bottle labels are printed from the LIMS to the printer in 

the Receiving department.  Receiving clerks label all sample containers 
with the laboratory-generated labels, leaving as much of the original field 
label exposed as is possible, particularly the field sample ID.  The field 
sample ID must be carefully checked against the lab-generated label at the 
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time the labels are placed on the containers. 
 

9.7.4.1 The Project Manager must communicate information pertaining 
to samples designed for long-term storage. 

 
9.7.4.2 The Project Manager must communicate information pertaining 

to samples arriving from outside of the continental U.S, and 
designated quarantine states within the continental U.S. (NC, SC, 
GA, FL, TN, AR, OK, TX, LA, MS, AL).  The project manager 
communicates this information by entering it into the LIMS.  
This will then flag the quarantined samples on the purge disposal 
log. 

 
9.7.5 The labeled samples are placed onto a cart and moved into the secured 

cooler.  Water samples not associated with US EPA CLP SOW ILM05.3 
to be analyzed for total and dissolved metals are moved into the secured 
ambient storage room unless hexavalent chromium is requested.   

 
9.7.5.1 Samples submitted, in order to meet the regulatory requirements of 

the NCDENR, must be maintained at 2 - 4.4° C, except for 
aqueous, metals-only samples.  For that reason, those samples 
must be stored in a refrigerator that consistently has been 
maintained at less than 4.4° C but greater than 2° C. 

 
9.8 Completing the process for EPA samples 

 
Note: Separate receiving logs are required for inorganics and organics and for 

water and soil matrices. 
 

9.8.1 The Sample Control clerk completes all areas of the receiving log except 
for the following areas that are completed by the EPA Coordinator or 
Assistant. 

 
 Login No./SDG 

 
 Region 

 
 Contract No. 

 
 Case No. 

 
 TAT 
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 Lab Instructions 
 

 $ Amount 
 

 Sample No. 
 

 QC 
 

 Sample Login by 
 

9.8.1.1 Find the Case/SDG number (located in the EPA receiving log) in 
the weekly EPA scheduling logbook, and note the order number on 
the receiving log in the "Login No./SDG" field.  If the case number 
is not located in the logbook, see the EPA Coordinator. 

 
9.8.2 The paperwork is provided to the EPA Coordinator or Assistant who must 

immediately complete the receiving documentation required for the CSF 
including the Form DC-1 (Attachment 16).  Those steps are detailed in 
Customer Service SOP 5.8, “Creating the Gray Folder.”  The EPA 
Coordinator or Assistant also enters the sample receipt information into 
the LIMS following Customer Service SOP 5.11, “Order Entry in 
Horizon.”  This includes the generation of laboratory bottle labels. 

 
Note: A DC-1 must be completed for each cooler containing EPA 

samples 
 

9.8.3 Once labels are generated, the Receiving Clerk wraps the appropriate label 
onto each sample container leaving the field sample ID that appears on the 
existing label in view, if possible. 

 
9.8.3.1 If the samples are designated for long-term storage, as stated on 

the COC or by the SMO, place an additional label with the 
disposal date noted, on each container. 

 
9.8.4 Create volatile holding/storage blanks at the rate of two per SDG and 

place them in the volatile coolers with the samples.  Blanks are created as 
described in Sample Control SOP 4.9, “Preparing and Handling Test 
Samples.” 

 
9.8.5 Place all labeled samples on a cart and move the samples into the 

appropriate secured cooler or ambient storage unit. 
 
9.9 Contingency 
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9.9.1 If, due to a lab accident or to QC failure, a re-preparation is required for 

the sample and insufficient volume remains, the Project Manager must be 
alerted and will contact the client for direction on how to proceed. 

 
9.9.2 If persistent contamination occurs in the laboratory, analyses must be 

halted until the source can be identified and isolated.  When the 
contamination issue is resolved, sample analyses may proceed. 

 
9.9.3 Refer to the corresponding Data Review SOP (number will vary among 

sections) for information on how to handle reporting of data that are 
unacceptable or out-of-control. 

 
9.9.4 Any other issues that potentially affect data quality should be addressed 

with the Project Manager. 
 
10.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3 or H2SO4 to pH <2 or NaOH to pH > 12 are 
hazardous and must be neutralized before being disposed, or must be handled as 
hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
11.0 References 
 

11.1 U.S. EPA CLP SOW OLC03.2; OLM04.3; SOM01.1, plus revisions; ILM04.1; 
and  ILM05.3, plus revisions 

 
11.2 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, SW-

846, 3rd Edition, Update III, 12/96 
 
11.3 Methods for Chemical Analysis of Water and Wastes, March 1983 

 
11.4 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 
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11.5 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 

 
11.6 New York State Analytical Services Protocol (NYSASP), 6/2000, plus revisions 

 
11.7 QCSOP: Proper Documentation Procedures 

 
11.8 QCSOP: Numerical Data Reduction 

 
11.9 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
11.10 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

11.11 NELAC Standards, approved July 2003, plus revisions 
 

11.12 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
11.13 New York State Environmental Laboratory Approval Program, Certification 

Manual, April 2005, plus revisions. 
 

11.14 CompuChem Quality Manual, Revision 7, Update 1, 12/13/05, plus revisions 
 

11.15 Sample Control SOP 4.6, “Storing Samples” 
 

11.16 Sample Control SOP 4.3, “Checking and Recording pH of Aqueous Cyanides, 
Phenols, and Wet Chemistry Samples 

 
11.17 Sample Control SOP 4.9, “Preparing and Handling Test” 

 
11.18 Sample Control SOP 4.13, “Handling and Verifying Proper Preservation of 

Samples Being Analyzed for Cyanide or Phenol” 
 

11.19 Customer Service SOP 5.8, “Creating the CSF Gray Folder.” 
 

11.20 Customer Service SOP 5.11, “Order Entry in Horizon” 
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12.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

Attachment 1 – Tables of Preservation and Holding Times 
 

Attachment 2 – Quality Assurance Notices for Temperature Excursion 
 

Attachment 3 – Quality Assurance Notice for pH 
 

Attachment 4 – Quality Assurance Notice for Cyanide Samples  
 

Attachment 5 – Quality Assurance Notice for Phenol 
 

Attachment 6 – Quality Assurance Notice for Cooler Temperature Options –  
 Organics 

 
Attachment 7 – Quality Assurance Notice for Cooler Temperature Options –  

 Inorganics 
 

Attachment 8 – Logbook 7 S 1, IR Gun Check 
 

Attachment 9 – Temperature Log Book Example 
 

Attachment 10 – Chain-of-Custody Record 
 

Attachment 11 – EPA Organic Traffic Report Example 
 
Attachment 12 – EPA Inorganic Traffic Report Example  

 
Attachment 13 – EPA Receiving Log - organic 

 
 Attachment 14 – EPA Receiving Log - inorganic 
 

Attachment 15 – Commercial Receiving Log 
 

Attachment 16 – Sample Receiving Log (Form DC-1), Organics & Inorganics 
 
Attachment 17 – QA Notices for North Carolina Only 
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Attachment 1 

 

Table 4.1 Requirements for Containers, Preservation, Holding Times, and Recommended Sample
Volumes Published in the Clean Water Act, 40 CFR 136, Federal Register

Parameter Preservation Holdinga

Time (days)
Containersb Volume

(ml)
Acidity Cool, 4°C 14 P or G 200
Alkalinity Cool, 4°C 14 P or G 100
Ammonia Cool, 4°C 28 P or G 500
Biochemical Oxygen Demand Cool, 4°C 48 hours P or G 1000
Bromide NRc 28 P or G 200
Chemical Oxygen Demand Cool, 4°C, H2SO4 to

pH<2
28 P or G 100

Chloride NR 28 P or G 100
Chlorine, Total Residual NR 0d P or G 500
Chromium VI Cool, 4°C 24 hours P or G 500
Coliform, fecal and total Cool, 4°C; 0.008%

Na2S2O3

6 hours P or G 200

Color Cool, 4°C 48 hours P or G 500
Cyanide, total Cool, 4°C; NaOH to

pH>12
0.6 g ascorbic acidf

14e P or G 1000

Cyanide, amenable to
chlorination (free)

Cool, 4°C; NaOH to
pH>12
0.6 g ascorbic acidf

14e P or G 500

Fluoride NR 28 P 500
Hardness HNO3 to pH<2

H2SO4 to pH <2
180 P or G 250

Hydrogen Ion (pH) NRc 0d P or G 40
Kjeldahl Nitrogen Cool, 4°C; H2SO4 to pH

<2
28 P or G 1000

Mercury HNO3 to pH<2 28 P or G 500
Metals (except Cr VI and Hg) HNO3 to pH<2 180 P or G 500
Nitrate (as N) Cool, 4°C 48 hours P or G 100
Nitrite (as N) Cool, 4°C 48 hours P or G 50
Nitrate-Nitrite (as N) Cool, 4°C; H2SO4 to pH

<2
28 P or G 500

Oil and Grease Cool, 4°C;  H2SO4 to
pH <2

28 G 1000

Organic Carbon, Total (TOC) Cool, 4°C
HCl or H2SO4 to pH <2

28 P or G 100

Organic Nitrogen, Total Cool, 4°C; H2SO4 to pH
<2

28 P or G 500

Orthosphosphate (as P) Filter immediately,
Cool, 4°C

48 hours P or G 50

Phenols (Total) Cool, 4°C; H2SO4 to pH
<2

28 G 1000

Phosphorus (Elemental) Cool, 4°C 48 hours G 500
Phosphorus (Total) Cool, 4°C

H2SO4 to pH <2
28 P or G 200

TRPH 5 ml HCl; Cool, 4°C 48 hours G 1000
a  From time of sample collection
b  Polyethylene (P) or glass (G)
c  None required
d  0 days indicates that the sample must be analyzed immediately.
e  Reduced to 24 hours if sulfide is present, unless sulfide is removed before preservation.



Section No. 4.1 
Revision No. 31 
Date:  March 3, 2006 
Page 20 of 45 

 

ORIGINAL          MASTER COPY         CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 
Attachment 1 (Continued) 

 
Table 4.1 (Continued) Requirements for Containers, Preservation, Holding Times, and

Recommended Sample Volumes Published in the Clean Water Act, 40 CFR
136, Federal Register

Parameter Preservation Holding Timea

(days)
Containersb Volume

(ml)
Solids (Total and Filterable) Cool, 4°C 7 P or G 100
Solids (Non-filterable) Cool, 4°C 7 P or G 200
Solids (Settleable) Cool, 4°C 48 hours P or G 1000
Silica Cool, 4°C 28 P 100
Specific Conductance Cool, 4°C 28 P or G 250
Sulfate Cool, 4°C 28 P or G 250
Sulfide Cool, 4°C

Add zinc acetate and
NaOH to pH>9.

7 P or G

Sulfite NRc 0d P or G 250
Surfactants Cool, 4°C 48 hours P or G 250
Turbidity Cool, 4°C 48 hours P or G 250
Purgeable Halocarbons Cool, 4°C

0.008% Na2S2O3
e

14 G 80

Purgeable Aromatic
Hydrocarbons

Cool, 4°C
0.008% Na2S2O3

f

HCl to pH<2

14 G 80

Phenols Cool, 4°C
0.008% Na2S2O3

f
7/40g P or G 2000

Benzidines Cool, 4°C
0.008% Na2S2O3

f
7/7h P or G 2000

Phthalate Esters Cool, 4°C 7/40g G 2000
Nitrosamines Cool, 4°C, dark

0.008% Na2S2O3
f

7/40g P or G 2000

PCBs Cool, 4°C 7/40g P or G 2000
Nitroaromatics and isophorone Cool, 4°C, dark

0.008% Na2S2O3
f

7/40g P or G 2000

Polynuclear Aromatic
Hydrocarbons

Cool, 4°C, dark
0.008% Na2S2O3

f
7/40g G 2000

Haloethers Cool, 4°C
0.008% Na2S2O3

f
7/40g P or G 2000

Chlorinated Hydrocarbons Cool, 4°C 7/40g P or G 2000
TCDD Cool, 4°C

0.008% Na2S2O3
f

7/40g P or G 2000

Pesticides Cool, 4°C; pH 5-9 7/40g P or G 2000
a  From time of sample collection
b  Polyethylene (P) or glass (G)
c  None required
d  0 days indicates that the sample must be analyzed immediately.
e  Na2S2O3 added if residual chlorine is present; approx. equal to 1 ml of 10% thiosulfate / liter of sample.
g  To complete extraction (or initiate extraction if continuous liquid-liquid extraction is performed)/ to complete analysis following
extraction
h  Extracts may be stored up to 7 days before analysis if stored under an inert (oxidant-free) atmosphere.
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Attachment 1 (Continued) 

 
Table 4.2 Requirements for Containers, Preservation, Holding Times, and

Recommended Sample Volumes Published in the U.S. EPA CLP SOW for
Inorganics Analysis, ILM04.0-.1

Parameter Preservationa Holding Timeb

(days)
Containersc Volume

(ml)
Cyanide, total Cool, 4°C

NaOH to pH>12
0.6 g of ascorbic acidd

12 P or G 1000

Metals (except Hg) HNO3 to pH<2 180 P or G 500e

Mercury HNO3 to pH<2 26 P or G 500e

a  Water sample only; preservation performed by sampler immediately upon sample collection. Soil/sediment samples
are maintained at 4°C until analysis. Dissolved metals are filtered onsite by sampler before addition of
preservative.

b  From validated time of sample receipt
c  Polyethylene (P) or glass (G)
d  Only used in the presence of residual chlorine
e  Can be combined into a one-liter bottle.

Table 4.3 Requirements for Containers, Preservation, Holding Times, and
Recommended Sample Volumes Published in the U.S. EPA CLP SOW for
Organics Analysis OLM03.2 (aqueous only), OLM04.2, and OLC02.1
(aqueous only)

Parameter Preservation Holding Time
(days)a

Containersb Volume
(ml)

Aqueous Volatiles Cool, 4°± 2°Cc

HCl to pH<2
10d G-TLSSL 80

Soil/Sediment Volatiles 4°± 2°Cc 10d G-TLC, CET,
EnCore™
samplers

4 oz

Aqueous Semivolatiles 4°± 2°Cc 5/40e G 2000
Soil/Sediment Semivolatiles 4°± 2°Cc 10/40e G 8 oz
Soil/Sediment Pesticides/PCBs 4°± 2°Cc 10/40e G 8 oz
Aqueous Pesticides/PCBs 4°± 2°Cc 5/40e G 2000

a  From validated time of sample receipt
b  All containers are 1-liter glass bottles with Teflon-lined cap except aqueous volatiles (G-TLSSL = 40-ml glass bottle

with Teflon-lined septum sealed lid), and soil/sediment volatiles (G-TLC = 4-oz glass jar with Teflon-lined cap or
CET = closed-end tubes such as brass sleeves).  Soil samples may also be collected under OLM04.2 for low level
analysis as 5 gm sample in sodium bisulfate or medium level analysis in pre-weighed vials containing 10ml
methanol.  When this occurs, the sample vial, with 10 ml methanol and all labeling, is weighed to the nearest 0.1g
prior to the addition of sample.  Approximately 5g of sample is added to the vial.  The sample vial with

sample is weighed to the nearest 0.1g.  The initial weight, final weight and sample weight are recorded and provided to
the laboratory.

c  Preserve samples at time of collection; samples should be stored in the dark until extraction/analysis.
d  Until analysis
e  To complete extraction/to complete analysis following extraction
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Attachment 1 (Continued) 

Table 4.4 Requirements for Containers, Preservation, Holding Times, and Recommended
Sample Volumes for Aqueous and Solid Matricesa Published in SW846 Test
Methods for Evaluating Solid Waste, Third Edition, Update 3, December 1996.

Parameter Methods References Container Preservation Maximum
Holding Timesb

Volatile
Organics in
water

Purge and trap
GC and
GC/MS

8021B,
8015B,
8260B

Glass, 40-ml vial
with zero
headspace

4°C, HCl to pH
<2,

0.008% Na2S2O3

14 days (A) (see
below for soil)

Semivolatile
Organics

GC, HPLC,
and GC/MS

8081A,
8141A,
8151A, 8310,
8082, 8270C

Glass, amber (A)
(1 liter sample);  8-
oz wide mouth
with PTFE-lined
cap (S)  (50-g
sample)

Cool to 4°C,

0.008% Na2S2O3

7 days to extract (A);
14 days to extract
(S); 40 days to
analyze (A/S)

Total Metals –
except
Mercury and
Chromium VI

Furnace AA
and ICP

7000 series/

6010B

Glass or plastic
500ml (A), 8-oz
wide mouth (S)
(200-g sample)

HNO3 to pH<2
(A);
filter dissolved on-
site first; filter
suspended-no acid

6 months (A/S)

Chromium VI Colorimetric,
automated

7196A Glass or plastic,
500ml (A),  8-oz
wide mouth (S)
(200-g sample)

Cool to, 4°C 24 hours (A); one
mo. to extraction, 4
days after (S).

Mercury Manual cold
vapor AA

7470/7471A Glass or plastic,
500ml (A), 8-oz
wide mouth (200-g
sample)

pH<2 HNO3 (A);
filter dissolved;
Cool to 4oC (S)

28 days (A/S)

Chloride Colorimetric,
automated

9251 Glass or plastic None required 28 days (A)

Cyanide Colorimetric
automated

9012A Glass or plastic Cool to 4oC;
pH >12 NaOH (A)

14days (A)

Phenols Colorimetric,
automated

9066 Glass or plastic Cool to 4oC;
pH <4 H2SO4 (A)

28 days (A)

Specific
conductance

conductivity 9050A Glass or plastic Cool to 4oC (A) 28 days (A)

Sulfate turbidimetric 9038 Glass or plastic Cool to 4oC (A) 28 days (A)
Sulfide distillation,

titration
9034 Glass or plastic Cool to 4oC;

Zinc acetate (A/S)
7 days (A/S)

Oil & grease Gravimetric 9070/9071A Glass Cool to 4oC (A/S);
5 ml diluted
HCl(A)

28 days (A)
14 days (S)

TOC Combustion
analyzer

9060 Glass or plastic Cool to 4oC; pH<2
HCl or H2SO4;

Store in dark (A)

28 days

TOX DX 208
analyzer

9020B Glass, PTFE-lined
cap

Cool to 4oC;
pH<2 H2SO4

a  Table originally excerpted, in part, from Table II, 49 FR 28, October 26, 1984, and revised.
b Holding time begins at time of sample collection.
(A) aqueous
(S) solid
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Attachment 1 (Continued) 
Table 4.5 Sample Handling, Preservation and Holding Time Table for SW846 Method

5035,Volatile Organics in Soil
Conc.
Level

Sampling
Device

Collection
Procedure

Container
Type

Container
Preparation

Preservation Maximum
Holding
Timea

< 200
ug/kg

Coring
Device

5035-Section
6.2.1

Glass vial w/
PTFE-silicon
septum

5035-6.1.1 4°C,  NaHSO4 14 days

Coring
Device

5035-Section
6.2.1

Glass vial w/
PTFE-silicon
septum

5035-6.1.1b 4°C 48 hours

Coring
Device

5035-Section
6.2.1

Glass vial w/
PTFE-silicon
septum

5035-6.1.1 4°C/-10°Cd 48 hours/
14 dayse

EncoreTM  or
equivalent

5035-Section
6.2.1

EncoreTM or
equivalent

5035-6.1.1b,f,g 4°C 48 hours

EncoreTM  or
equivalent

5035-Section
6.2.1

EncoreTM or
equivalent

5035-6.1.1f,g NaHSO4, 4°C 48 hours,
14 days

EncoreTM  or
equivalent

5035-Section
6.2.1

EncoreTM or
equivalent

5035-6.1.1 b,f,g 4°C/-10°C c,d 48 hours/
14 days

> 200
ug/kgh

EncoreTM  or
equivalent

5035-Section
6.2.2.3f

EncoreTM or
equivalent

5035-6.1.1 f,g 4°C 48 hours
14 days

Coring
Device

5035-Section
6.2.2.3I

Glass vial w/
PTFE-silicon
septum

5035-6.1.1 I Methanol/PEG
4°C

14 days

Conventional
Devices

FLDEP SOP
–Section 4.3

Glass vial w/
PTFE-silicon
septum

5035-6.1.1 4°C 14 days

Dry
weight

Conventional
Devices

Glass w/ teflon
liner

4°C

a Maximum time allowed from time/date of collection to sample analysis.
b Eliminate 6.1.1.2; use only organic-free water.
c Contents of sampling device must be transported to the laboratory at 4oC and stored at –10oC;  this option upon client request.
d In order to ensure that vials do not break during freezing, they should be stored on their side or at a slanted angle.
e Maximum allowed time at 4oC is 48 hours; maximum allowed time to sample analysis is 14 days from collection.
f Conducted in the laboratory.
g Entire contents of sampling device is extruded into the sample analysis vial containing the appropriate solvent.
h Procedures are limited only to those situations or programs in which the maximum contamination level does not exceed 200ug/kg.
I Methanolic preservation in the field is not recommended.
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Attachment 1 (Continued) 

 

Table 4.6 Requirements for Holding Times for Hazardous Characteristics Indicators
Published in SW846 Test Methods for Evaluating Solid Waste, Third Edition,
Update 3, December 1996.

Parameter Methods References Container Preservation Maximum
Holding Timesc

Reactivity-
Total releasable
cyanide

Reflux
distillation,
colorimetry

Chapter 7,
7.3.3, 9012A

Glass, with zero
headspace

4°C in dark,

pH 12 NaOH

ASAP

Reactivity-
Total releasable
Sulfide

Acid
distillation,
titration

Chapter 7,
7.3.4, 9034

Glass, with zero
headspace

4°C in dark,

pH 12 NaOH; zinc
acetate

ASAP

Ignitability Flash point 1010 Glass or plastic NA ASAP

Corrosivity Electrometric 9040B Glass or plastic NA ASAP

Paint filter
liquids

filtration 9095A Glass or plastic NA ASAP

EP Toxicity Leachate
generation

1310 Glass or plastic NA ASAP

Table 4.7 Requirements for Containers, Preservation, Holding Times, and Recommended
Sample Volumes for Toxicity Characteristics Leaching Procedure, TCLP, Method
1311, and Synthetic Precipitation Leaching Procedure, SPLP, Method 1312,
Published in SW846 Test Methods for Evaluating Solid Waste, Third Edition,
Update 3, December 1996.

Sample Maximum Holding Times

Parameter From:
Field to  collection

To:
TCLP extraction

From:
TCLP
extraction

To:
Preparative
extraction

From:
Preparative
extraction

To:
Determinative
Analysis

Total
elapsed time
in days

Volatiles 14 NA 14 28
Semivolatiles 14 7 40 61
Mercury 28 NA 28 56
Metals, no Hg 180 NA 180 360

Exceeding the holding time is not acceptable in establishing that a waste does not exceed the regulatory level.
Exceeding the holding time will not invalidate characterization if the waste exceeds the regulatory level.

Holding time associated with the ASTM leachate generation method (D3987-85) is 14 days from collection
to leachate generation, i.e. filtration, then the method holding time to preparation and/or analysis.
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Attachment 2 
 

 
QUALITY ASSURANCE NOTICE 

 
 

Client  _________________________ 
Case # _________________________ 
Type of Analysis _________________ 
Receipt Date ____________________ 

 
 

 
For some organic and/or inorganic determinations temperature preservation at 4 degrees Celsius is required for 
environmental samples during shipment to the laboratory and prior to analysis.  A temperature tolerance range is 
generally allowed.  Temperature of a representative sample from the shipping container is taken and recorded by the 
receiving clerk at the time of sample receipt.  This temperature is representative of all samples contained in the cooler.   
 
The EPA CLP program requires the laboratory make notification when the temperature exceeds 10o C.   
 
The State of North Carolina requires that samples must be iced to above freezing but ≤ 6o C during shipment.    
 
Notification to other clients is either client or project dependent. 
 
Samples that are hand delivered to the laboratory immediately after collection may not meet this criteria.  In these cases, 
the samples shall be considered acceptable if there is evidence that the chilling process has begun, such as arrival on ice. 
 
The temperature of this sample at the time of receipt was determined to be _______. 
 
A CompuChem customer service representative contacted the client.  The client instructed the Receiving department to: 

 
Hand Delivery/Received on ice  _______ 

 
Analyze - qualify with notice     _______ 

 
Dispose - client will resample    _______  

 
 
Supervisor Signature/ID _________________________/_________ Date _____________ 

 
 
QAN-R-3 
060308 

 
qanr3 – 3/8/06:jad 

 

                     C om puC hem
      a d iv ision  of Liberty A nalytical C orporation
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Attachment 3 

 
 

 

                     CompuChem
      a division of Liberty Analytical Corporation



Section No. 4.1 
Revision No. 31 
Date:  March 3, 2006 
Page 27 of 45 

 

ORIGINAL          MASTER COPY         CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Attachment 4 
 

 
QUALITY ASSURANCE NOTICE 

 
 

CompuChem ID # _______________ 
Client ID # _____________________ 
Case # _________________________ 
Type of Analysis _________________ 
Receipt Date ____________________ 

 
 

A chlorine and sulfide check was performed on the above cyanide sample 
 

The results are checked below. 
 

Chlorine was detected _____ 
Sulfide was detected   _____ 

 
A CompuChem customer service representative contacted the client.  The client instructed the 
Receiving department to: 

 
 

Analyze - qualify with notice   _______ 
 

Dispose - client will resample   _______ 
 
 

 
Supervisor Signature/ID _________________________/__________  

  
Date _____________ 

 
 
 
QAN-R-1 
971022 
 

Qanr1 – 10/22/97:llc 

                     CompuChem
      a division of Liberty Analytical Corporation



Section No. 4.1 
Revision No. 31 
Date:  March 3, 2006 
Page 28 of 45 

 

ORIGINAL          MASTER COPY         CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Attachment 5 
 

Quality Assurance Notice 
 
 
CompuChem ID#___________________ 
Client ID#_________________________ 
Case #____________________________ 
SDG# ____________________________ 
Receipt Date_______________________ 
Method___________________________ 
 
 
 
A chlorine check was performed on the above phenol sample and was determined to be present.  
A member of CompuChem’s Customer Service Department contacted the client.  The Receiving 
Department was instructed as follows: 
 

 
Analyze – Qualify with notice and address in narrative: __________ 

Dispose – Client will resample: __________ 
 
 
 
 

Supervisor Signature/ID _______________________________/___________ 
 

Date ______________________ 
 
 
 
QAN-R-4 
010702 
 

Qanr4 – 07/2/01:dce 

                     CompuChem
      a division of Liberty Analytical Corporation
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Attachment 6 
 

 
Quality Assurance Notice 

 
Case # ____________________________SDG# ____________________________ 
Receipt Date _______________________Matrix ____________________________ 
 
In the USEPA Contract Laboratory Program (CLP) “Statement of Work for Organic Analysis, Multi-Media, 
Multi-Concentration (Document Number OLM04.3, OLC03.2 and SOM01.1),”directions are provided 
dealing with a temperature blank, termed the USEPA Cooler Temperature Indicator. 
 
If a cooler temperature indicator bottle is not present in the cooler, the laboratory is required to contact the 
Sample Management Office (SMO), inform them of that fact and use an alternative means of determining 
the cooler temperature. 
 
The following is a list of options employed by CompuChem to determine the cooler temperature.  For the 
Case/ SDG presented above, the option(s) used have been indicated by a check mark. 
 
Note: Any of the options performed are done so immediately after the cooler has been opened and the 
determination made that the cooler temperature indicator bottle is absent. 
 

Water Samples 
___An aliquot from a sample bottle designated for extractable organics is poured into a disposable container, 
a thermometer is inserted into the disposable container, and the temperature is taken and recorded after a 3-
minute equilibration period.  The contents of the disposable container are then properly discarded. 
 
___A calibrated IR temperature gun is focused onto a sample container, contained in the cooler, and after a 
minimum of 5 seconds, a temperature reading is taken and recorded. 
 

Soil Samples 
___A calibrated IR gun is used, as indicated for water samples. 
___A temperature strip is affixed to the outside of a sample container and, after one minute, the temperature 
is read and recorded. 
 
As required by the organic SOW, the alternative technique used to determine the cooler temperature must be 
documented in the SDG Narrative. 
 
      Signature____________________________ 
QAN-R-5     Date________________________________ 
011324 

 
Qanr5 – 11/15/05:vr 

 

                     CompuChem
      a division of Liberty Analytical Corporation
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Attachment 7 
 

Quality Assurance Notice 
 
Case # ____________________________SDG# ____________________________ 
Receipt Date _______________________Matrix ____________________________ 
 
In the USEPA Contract Laboratory Program (CLP) “Statement of Work for Inorganics Analysis, Multi-Media, 
Multi-Concentration (Document Number ILM04.1 and ILM05.3),”directions are provided dealing with a 
temperature blank, termed the USEPA Cooler Temperature Indicator. 
 
If a cooler temperature indicator bottle is not present in the cooler, the laboratory is required to contact the Sample 
Management Office (SMO), inform them of that fact and use an alternative means of determining the cooler 
temperature. 
 
The following is a list of options employed by CompuChem to determine the cooler temperature.  For the Case/ 
SDG presented above, the option(s) used have been indicated by a check mark. 
 
Note: Any of the options performed are done so immediately after the cooler has been opened and the determination 
made that the cooler temperature indicator bottle is absent. 
 

Water Samples 
___An aliquot from a sample bottle is poured into a disposable container, a thermometer is inserted into the 
disposable container, and the temperature is taken and recorded after a 3 minute equilibration period.  The contents 
of the disposable container are then properly discarded. 
 
___A calibrated IR temperature gun is focused onto a sample container, contained in the cooler, and after a 
minimum of 5 seconds, a temperature reading is taken and recorded. 
 

Soil Samples 
___A calibrated IR gun is used, as indicated for water samples. 
___A temperature strip is affixed to the outside of a sample container and, after one minute, the temperature is read 
and recorded. 
 
As required by the inorganic SOW, the alternative technique used to determine the cooler temperature must be 
documented in the SDG Narrative. 
 

     Signature____________________________ 
QAN-R-6     Date________________________________ 
051115 

Qanr6 – 11/15/05:vr 

                     CompuChem
      a division of Liberty Analytical Corporation



Section No. 4.1 
Revision No. 31 
Date:  March 3, 2006 
Page 31 of 45 

 

ORIGINAL          MASTER COPY         CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Attachment 8 
 

CompuChem a division of Liberty Analytical Corp. Logbook 7 S 5 
 

IR Gun Check 
 

The tolerance for the IR Gun check is ± 1°C.  If this criteria is not met, the IR Gun must be removed for recalibration. 
IR calibration performed once per week. 

 
 

Date IR Gun 
No. 

Thermometer 
Temp. °C 

Container 
Type 

Container 
Temp °C 

Checked 
By 

Comments 

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 
 
Reviewed By: ______________________________ Date: _______________ 

 
 
 

3/21/03:dce 
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Attachment 9 
 
 

Logbook  7 A 4

Temperature Corrective Action

Date Time
Temperature 

(°C) Initials AC UN If unacceptable, action taken* Yes No

If yes, date 
rejoined** or new 
thermometer ID

AC = Acceptable     UN = Unacceptable
*Once corrective action is completed, document an additional temperature reading to verify unit is within acceptance criteria.
** If mercury separation in the thermometer is evident, notify supervisor immediately so that the mercury can be rejoined following QA SOP 17.12.  

Reviewed by: Date: 10/11/05:jad

Sample Receiving Walk-in Refrigerator #1 Temperature Log
CompuChem, a division of Liberty Analytical

Acceptable temperature range is 2 °C to 4 °C.  Record temperatures to the nearest degree.  If temperature is not within acceptance range, notify supervisor
or maintenance immediately.  Temperature readings should be taken at approximately the same time each day.  Please indicate if the time recorded is am or pm.

Daily Temperature Reading Mercury Separation
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Attachment 10 
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Attachment 11 
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Attachment 12 
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Attachment 13 
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Attachment 14 
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Attachment 15 
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Attachment 16 
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Attachment 16 (Continued) 
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Attachment 16 (Continued) 
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Attachment 16 (continued) 
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Attachment 17 
 

 
QUALITY ASSURANCE NOTICE 

(North Carolina Samples Only) 
 

CompuChem ID # _______________ 
Client ID # _____________________ 
Case # _________________________ 
Type of Analysis _________________ 
Receipt Date ____________________ 

 
 

A chlorine and sulfide check was performed on the above cyanide sample 
 

The results are checked below. 
 

Chlorine was detected _____ 
Sulfide was detected   _____ 

 
A CompuChem customer service representative contacted the client.  The client instructed the 
Receiving department to: 

 
 

Analyze - qualify with notice   _______ 
 

1. Client notified laboratory that data would be reported 
to the State of North Carolina. _____ 

 
2. Client notified laboratory that data would not be reported 

to the State of North Carolina. _____ 
 

Dispose - client will resample   _______ 
 
 
 

 
Project Manager/ID _________________________/__________ Date _____________ 

 
 
QAN-R-7 
060126 

Qanr7 – 1/26/06:jad 
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Attachment 17 (continued) 

 
QUALITY ASSURANCE NOTICE 

(North Carolina Samples Only) 
 

CompuChem ID # _______________ 
Client ID # _____________________ 
Case # _________________________ 
Type of Analysis _________________ 
Receipt Date ____________________ 

 
 
 The pH reading for the sample above was ________:  the required pH level is ________. 
 

A CompuChem Project Manager contacted the client who instructed the laboratory to:  
 

Preserve in-house                     _______ 
 

Note: For samples preserved in house, certain clients require that the maximum amount of 
preservative added to a sample in an SDG also be added to the associated field or 
equipment blank.  If neither blank is present, the appropriate laboratory must be 
notified so the proper amount of preservation can be added to the method blank. 

 
 

Analyze - qualify with notice   _______ 
 

3. Client notified laboratory that data would be reported 
 to the State of North Carolina. _____ 
 
4. Client notified laboratory that data would not be reported 
 to the State of North Carolina. _____ 

 
Dispose - client will resample   _______ 
 
Subcontract lab to preserve       _______  

 
Project Manager___________________________ Date __________________________ 
 
Preservation Type__________________________ Preservative Lot Number___________ 
 
Preserved By_______________________________ Date___________________________ 
 
QAN-R-8 
060126          QAN-R-8:012606:jad 

 

                     CompuChem
      a division of Liberty Analytical Corporation
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Attachment 17 (continued)  
 

QUALITY ASSURANCE NOTICE 
(North Carolina Samples Only) 

 
Client  _________________________ 
Case # _________________________ 
Type of Analysis _________________ 
Receipt Date ____________________ 

 
 
For some organic and/or inorganic determinations temperature preservation at 4o C is required for 
environmental samples during shipment to the laboratory and prior to analysis.  A temperature tolerance 
range is generally allowed.  Temperature of a representative sample from the shipping container is taken and 
recorded by the receiving clerk at the time of sample receipt.  This temperature is representative of all 
samples contained in the cooler.  The EPA CLP program requires the laboratory make notification when the 
temperature exceeds 10o C.  The State of North Carolina requires that samples must be iced to above freezing 
but ≤ 6o C during shipment.  Notification to other clients is either client or project dependent. 
 
Samples that are hand delivered to the laboratory immediately after collection may not meet this criteria.  In 
these cases, the samples shall be considered acceptable if there is evidence that the chilling process has begun, 
such as arrival on ice. 
 
The temperature of this sample at the time of receipt was determined to be _______. 
 
A CompuChem customer service representative contacted the client.  The client instructed the Receiving 
department to: 

 
Hand Delivery/Received on ice  _______ 
 
Analyze - qualify with notice     _______ 

 
1. Client notified laboratory that data would be reported 

to the State of North Carolina. _____ 
 

2. Client notified laboratory that data would not be reported 
to the State of North Carolina. _____ 

 
Dispose - client will resample    _______  

 
 
Project Manager/ID _________________________/_________ Date _____________ 
 
QAN-R-9 
060309 

qanr9 – 3/09/06:jad 

                     CompuChem
      a division of Liberty Analytical Corporation
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Sample Control SOP 4.6: Storing Samples 
 
 
 
 
1.0 Scope and Application 
 

This SOP describes the responsibility of the sample custodian to properly store all 
samples and check and record the storage cooler temperature daily. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of employees experienced 
or trained in the processes described below. 

 
2.0 Summary 
 

All received samples and processed extracts are placed in secured cooler storage facility, 
located in the Sample Control department.  Sample storage temperature requirements are 
different among the agencies that oversee laboratory certifications and approvals.  In 
order to satisfy them all, we choose to exercise the most rigorous, maintaining sample 
storage temperatures at 2-4.4oC.  Only aqueous metal samples are allowed to be stored at 
room temperature in the receiving area. (SW-846 extracts are stored at a temperature 
range of -10°C to -20°C.) 

 
3.0 Definitions 
 

3.1 An SDG is defined by the following, whichever is more frequent: 
 

• each 20 field samples received within a case, or 
 

• each 7 calendar days, beginning with the receipt of the first sample. 
 

NOTE: The Army Corps of Engineers does not accept the SDG approach, 
unless the samples are prepared in a single batch.  When a group of 
up to 20 field samples of a similar matrix are prepared as one batch, 
method-specified QC samples such as a method blank, laboratory 
control sample, matrix spike, and matrix spike duplicate must also 
be prepared together at a rate of 5%.  If samples are batched 
together from different sites, project-specific QC must be processed. 
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3.2 CLP – Contract Laboratory Program 
 

3.3 SOW – Statement of Work 
 
3.4 TCLP – Toxicity Characteristic Leaching Procedure  

 
4.0 Safety 

 
Appropriate protective equipment and clothing must be used under the assumption that 
all samples are potentially hazardous.  During sample preparation, glasses, gloves and lab 
coats are a minimum requirement.  The persistent presence of noxious odors may be 
indicative of failure of the laboratory ventilation system and must be reported to a 
supervisor or manager. 
 
Laboratory staff is encouraged to review the Chemical Hygiene Plan for general safety 
policies, and Material Safety Data Sheets for reagents used in the laboratory. 

 
5.0 Equipment & Supplies 
 

5.1 Sample storage units located in the receiving area 
 

5.1.1 Coolers #3, 5, 6, and 7 store soil samples in the receiving area.  These 
coolers are used for long-term storage of samples after analysis. 

 
5.1.2 Cooler #8 stores aqueous samples in the receiving area.  This cooler is 

used for long-term storage of samples after analysis.  Cooler #8 may 
also be used to store aqueous samples on temporary hold before 
analysis. 

 
5.1.3 Cooler #5 is used to store aqueous and soil samples in the receiving 

area that are on temporary hold before analysis. 
 

5.1.4 Cooler #1 (Walk-in) in the receiving area, stores soil and aqueous 
samples requiring extractable parameters (including TCLP extracts), 
wet chemistry parameters (includes cyanide digestates), and ILM05.3 
metals parameters. 

 
5.1.5 Ambient storage in the receiving area stores aqueous samples for 

metals parameters (excluding ILM05.3 samples) at room 
temperature. 

 
5.1.6 Cooler #2A in the receiving area stores wet chemistry samples and 

GC and GC/MS extracts after analysis. 
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5.1.7 Freezer #1 in the receiving area stores biological tissue samples and 

GC and GC/MS extracts on a long-term basis after analysis. 
 

5.2 Sample storage units located in the volatiles laboratory 
 

5.2.1 Refrigerator #4 stores aqueous samples scheduled for OLC03.2 
analysis in the volatiles laboratory. 

 
5.2.2 Refrigerator #5 stores soil samples scheduled for analysis in the 

volatiles laboratory. 
 
5.2.3 Refrigerator #2B stores aqueous samples scheduled for analysis in the 

volatiles laboratory. 
 

5.2.4 Freezer #6 stores Encore samples and performance evaluation 
samples in the volatiles laboratory. 

 
5.3 All coolers and refrigerators used for sample storage are maintained at 2oC 

to 4.4oC.  All freezers used for sample and sample extract storage are 
maintained at –10oC to –20oC. 

 
6.0 Sample Collection, Preservation, & Storage 
 

6.1 Samples collection and preservation requirements are located in Sample Control 
SOP 4.1: “Receiving Samples.” 

 
7.0 Quality Control 
 
 7.1 If a temperature reading is unacceptable, follow these steps: 
 

7.1.1 Check the refrigerator fan operation.  Call the facilities staff if the fan is 
not working. 

 
7.1.2 Close the storage refrigerator doors and take the temperature reading 

again in a half hour.  If the temperature is not within range, call the 
facilities manager. 

 
7.1.3 Note who was contacted and what corrective action was taken in the 

designated columns of the temperature logbook (Attachment 1). 
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8.0 Calibration & Standardization 
 

8.1 Laboratory thermometers are calibrated annually by the Organic Standards 
Chemist according to QA SOP 17.12:“Calibrating Thermometers.” 

 
8.2 The temperature of each sample cold storage unit is checked daily and 

recorded in the temperature logbook for that unit.  (Attachment 1) The 
acceptable temperature ranges for the specific cold storage unit is 
documented in its temperature logbook.   

 
8.2.1 In addition to entering the date, time, temperature and your initials, 

indicate whether the temperature is acceptable and the whether the 
thermometer’s mercury column is intact. 

 
8.2.2 Any excursions from the acceptable temperature range must be 

documented along with the corrective actions taken.  Corrective 
action procedures for temperature excursions are documented in the 
temperature logbooks and posted on the cold storage unit.  

 
8.2.3 Each completed logbook page must be reviewed by the area 

supervisor or his /her designee. 
 
9.0 Procedure 
 

After samples are received (see SOP 4.2 “Receiving Samples”), they are placed in 
the appropriate cold or ambient storage unit.  Samples are removed from these 
storage units by authorized personnel for preparation and analysis.  Sample 
transfer is documented on the internal chain-of-custody (COC). (Attachment 2)  

 
9.1 Removing samples from storage for preparation 

 
Samples that undergo a preparation step (extraction, digestion, distillation) 
are requested from storage using an internal chain-of-custody form. 
 
9.1.1 During first shift hours, the samples are removed from storage by the 

Sample Custodian and delivered to the preparation lab with a COC 
documenting samples were relinquished from storage. 

 
9.1.2 The Sample Custodian (time permitting) delivers the samples to the 

preparation lab with a signed COC at the end of first shift for 
processing during second shift hours. 
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9.1.3 The Sample Custodian puts samples requested for processing during 
weekend hours on a cart in the Walk-in with a COC.  The samples 
remain in the Walk-in until authorized personnel from the 
preparation lab remove them.  Upon removal the COC is signed 
documenting the day that the samples were relinquished from 
storage. 

 
9.1.4 If an additional sample is needed from storage during hours that the 

Sample Custodian is not available, authorized personnel may 
complete an internal COC form and remove the sample form storage. 

 
9.2 Storing Samples After Preparation and Analysis 

 
9.2.1 After sample preparation, unused sample and empty sample 

containers are returned to the Sample Custodian. Unused sample is 
stored in the appropriate storage unit, until it is disposed of (see SOP 
4.7 “Organizing and Designating Raw Samples for Disposal”). 
 
Note: Sample received for volatile analyses are placed in the 

refrigerators or freezer in Volatiles lab until analysis is 
complete.  The samples are returned to the Sample Custodian 
for long-term storage after analysis is complete. 

 
9.2.2 Sample extracts, digestates, or distillates scheduled for analysis by the 

laboratories, are placed in temporary storage in the appropriate 
laboratory.  After analyses are completed, the extracts, digestates, or 
distillates are placed into log-term storage by the Sample Custodian, 
until disposal (see SOP 4.7 “Organizing and Designating Raw 
Samples for Disposal”). 

 
9.3 Contingency 

 
9.31. If due to a lab accident or to QC failures, a re-preparation and 

analysis are required for the sample and insufficient sample volume 
remains, the Project Manager must be alerted and will contact the 
client for direction on how to proceed.  For the CLP, the Sample 
Management Office must be contacted. 

 
9.3.2 If persistent contamination occurs in the laboratory, analysis must be 

halted until the source of the contamination can be identified and 
isolated.  When the contamination issue is resolved, samples analysis 
may proceed. 
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9.3.3 Refer to the corresponding Data Review SOP (number will vary 
among sections) for information on how to handle reporting of data 
that are unacceptable or out-of-control. 

 
9.3.4 Any other issues that potentially effect data quality should also be 

addressed with the Project Manager or for CLP, the Sample 
Management Office. 

 
10.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3 or H2SO4 to pH <2 or NaOH to pH >12 are 
hazardous and must be neutralized before being disposed, or must be handled as 
hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
11.0 References 
 

11.1 US EPA CLP SOW OLC03.2, OLM04.3, SOM01.1, ILM04.1, ILM05.3, plus 
revisions 

 
11.2 Test Method for Evaluating Solid Waste, Physical/Chemical Methods, 3rd Edition, 

Update III, 12/96 
 
11.3 New York State Analytical Services Protocol, June 2000, plus revisions 
 
11.4 Sample Control SOP 4.1  “Receiving Samples” 
 
11.5 QA SOP 17.12:  “Calibrating Thermometers” 
 
11.6 QCSOP: Proper Documentation Procedures 

 
11.7 QCSOP: Numerical Data Reduction 

 
11.8 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 
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11.9 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

11.10 NELAC Standards, June 2003, plus revisions 
 

11.11 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
11.12 New York State Environmental Laboratory Approval Program, Certification 

Manual, April 2005, plus revisions. 
 

11.13 CompuChem Quality Manual, Revision 7, 11/14/05, plus revisions 
 

11.14 CompuChem Chemical Hygiene Plan 
 

11.15 Sample Control SOP 4.4 “Sample Custody and Responsibilities of the Sample 
Custodian” 

 
11.16 Sample Control SOP 4.5 “Ensuring Sample Security” 

 
11.17 Standard Methods for the Examination of Water and Wastewater, 20th Edition 

(1998) 
 

12.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

12.1 Attachment 1 - Cooler Temperature Log Example 
 

12.2 Attachment 2 – Internal Chain of Custody (COCs) Examples 
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Attachment 1 
 

 

 
 
 
 

Note:  Attachment subject to change without notice. 
 
 
 
 
 
 

Logbook  7 A 4

Temperature Corrective Action

Date Time
Temperature 

(°C) Initials AC UN If unacceptable, action taken* Yes No

If yes, date 
rejoined** or new 
thermometer ID

AC = Acceptable     UN = Unacceptable
*Once corrective action is completed, document an additional temperature reading to verify unit is within acceptance criteria.
** If mercury separation in the thermometer is evident, notify supervisor immediately so that the mercury can be rejoined following QA SOP 17.12.  

Reviewed by: Date: 10/11/05:jad

Sample Receiving Walk-in Refrigerator #1 Temperature Log
CompuChem, a division of Liberty Analytical

Acceptable temperature range is 2 °C to 4 °C.  Record temperatures to the nearest degree.  If temperature is not within acceptance range, notify supervisor
or maintenance immediately.  Temperature readings should be taken at approximately the same time each day.  Please indicate if the time recorded is am or pm.

Daily Temperature Reading Mercury Separation
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Attachment 2 
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Attachment 2 (Continued) 
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Attachment 2 (Continued) 
 

 
 

Note:  Attachment subject to change without notice. 
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Glassware Preparation SOP 10.2: Preparing Glassware for the Inorganics Laboratory 
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Glassware Preparation SOP 10.2: Preparing Glassware for the Inorganics Laboratory 
 
 
 
1.0 Scope and Application 
 

This procedure describes the proper preparation techniques for glassware used in the 
inorganics laboratory. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of employees experienced 
or trained in the processes described below. 

 
2.0 Summary 
 

All glassware is cleaned as soon as possible after use.  It is washed in a series of water 
and/or acid treatments depending on the type of glassware used. 

 
3.0 Definitions 
 

3.1 CLP – Contract Laboratory Program 
 

3.2 SOW – Statement of Work 
 
4.0 Safety 
 

Appropriate protective equipment and clothing must be used under the assumption that 
all samples are potentially hazardous.  Safety glasses, gloves and lab coats are a 
minimum requirement.  The persistent presence of noxious odors may be indicative of 
failure of the laboratory ventilation system and must be reported to a supervisor or 
manager. 

 
Laboratory staff are encouraged to review the Chemical Hygiene Plan for general safety 
policies, and Material Safety Data Sheets for reagents used in the laboratory. 
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5.0 Equipment and Supplies 
 

5.1 Reagent Water-All water used during preparation should be reagent-grade Type I 
with regard to resistivity of > 10 megohm-cm (20th Edition of Standard Methods, 
Method 1080), and referred throughout this SOP as DI water. 

 
5.2 Tap water 

 
5.3 1:1 HNO3 (nitric acid) 
 
5.4 1:1 HCl (hydrochloric acid) 

 
5.5 Detergent-LiquiNox or equivalent 

 
6.0 Sample Collection, Preservation, and Storage 
 

N/A 
 
7.0 Quality Control 
 

7.1 Contamination can occur when glassware, or the material used to clean the 
glassware, is not thoroughly cleaned.  Preventing laboratory contamination is of 
the utmost concern.  Wash Hg digestion glassware separately from glassware 
used to prep trace metal samples.  Keep sinks and drying areas clean.  Use fresh 
hot soapy water for washing each day’s glassware, and change drying area paper 
daily or with each batch of newly washed glassware.  Cover clean glassware. 

 
8.0 Calibration and Standardization 
 
 N/A 
 
9.0 Procedure 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedure. 

 
9.1 Wash each beaker with hot tap water and LiquiNox detergent.  Volumetric flasks 

(or any class A glassware) should never be scrubbed.  Soak volumetric flask in 
hot soapy water for approximately half an hour. 
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9.2 Rinse each piece of glassware thoroughly with hot tap water, then rinse 
thoroughly with DI water.  Place glassware on clean lab bench paper to dry 
thoroughly, then return the glassware to the Inorganics Preparation laboratory. 

 
9.3 Rinse and swirl all glassware with approximately 10 ml of 1:1 nitric acid (HNO3) 

and rinse with DI water.   
 
9.4 Rinse and swirl all glassware with approximately 10 ml of 1:1 hydrochloric acid  

(HCl) and rinse with DI water.   
 
10.0 Waste Management  
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl or H2SO4 to pH <2 are hazardous and must be neutralized 
before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
11.0 References 
 

11.1 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods. SW-846, 
3rd edition, Update III, 12/96 

 
11.2 Methods for Chemical Analysis of Water and Wastes, 3/83, Method 200.7 

 
11.3 US EPA CLP SOW ILM04.1 and  ILM05.3, plus revisions 

 
11.4 New York State Analytical Services Protocol, June 2000 

 
11.5 QCSOP: Proper Documentation Procedures 

 
11.6 QCSOP: Numerical Data Reduction 

 
11.7 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477 
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11.8 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 
“Spill Control & Cleanup” 

 
11.9 NELAC Standards, approved June 2003, plus revisions 

 
11.10 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 

Quality-Related Operations EPA/600/R-96/027, November 1995 
 

11.11 New York State Environmental Laboratory Approval Program, Certification 
Manual, April 2005, plus revisions 

 
11.12 CompuChem Quality Manual, Revision 6, Update 1, 5/20/05, plus revisions 
 
11.13 Standard Methods for the Examination of Water and Wastewater, 20th 

(1998) Edition, Method 1080 
 
12.0 Attachments as Tables, Diagrams, Flowcharts, and Validation Data 
 

NA 
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Hazardous Waste Management & Safety SOP 12.1: Hazardous Waste Disposal 
 
 
1.0 Scope and Application 
 

This SOP provides guidelines for the safe and legal collection, storage, and disposal of all 
wastes generated by the laboratory's operations.  These guidelines are applicable to all 
employees and subcontractors employed to handle samples, standards, or laboratory 
chemicals. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of employees experienced 
or trained in the processes described below. 

 
2.0 Summary 
 

All samples received and all waste generated by the laboratory in sample processing must 
be handled and disposed of in a manner that is compliant with state and federal 
regulations.  Procedures are outlined for the safe handling and disposition of waste 
comprising a variety of classifications or “streams”.  Staff who manage the hazardous 
waste are identified and receive specific on-going training. 

 
3.0 Definitions 
 

3.1 Hazardous Waste Technician - The hazardous waste technician is responsible for 
the following duties: 

 
3.1.1 Handles all laboratory wastes streams as described in section 7.0 of this 

SOP. 
 

3.1.2 Interacts with waste disposal companies to schedule waste removal. 
 

3.1.3 Studies applicable ways to reduce the amount of hazardous waste 
generated. 

 
3.1.4 Trains other employees in specific hazardous waste management when 

necessary. 
 

3.1.5 Serves as an emergency coordinator. 
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3.2 Chemical Hygiene Officer - The Chemical Hygiene Officer is responsible for the 

following duties: 
 

3.2.1 Coordinates training sessions and information exchange concerning 
chemical spills, waste handling, and the use of emergency equipment. 

 
3.2.2 Investigates and reports accidents. 

 
3.2.3 Develops emergency plans and spill response. 

 
3.2.4 Reviews waste handling and disposal procedures. 

 
3.2.5 Serves as an emergency coordinator. 

 
3.3 Sample Custodians 

 
3.3.1 The Sample Custodians dispose of expired samples in the appropriate 

drum in their satellite area. 
 

3.4 Laboratory Supervisors 
 

3.4.1 Laboratory Supervisors are responsible for implementing these guidelines. 
 

3.5 Laboratory Staff 
 

3.5.1 Laboratory Staff are responsible for following these guidelines.  Waste 
minimization efforts by laboratory staff are also encouraged. 

 
3.6 Emergency Coordinators 

 
3.6.1 Detailed responsibilities of Emergency Coordinators are outlined in the 

CompuChem Contingency Plan. 
 

3.7 Waste Minimization Coordinator 
 

3.7.1 The Waste Minimization Coordinator maintains and oversees the 
company's Waste Minimization Plan.  The Hazardous Waste Technician 
currently handles the responsibilities of this position. 

 
3.8 Waste Streams - The following list describes each type of waste stream generated 

at CompuChem. 
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3.8.1 Waste Methylene Chloride 
 

3.8.1.1 Used as a solvent in various extractions and to clean glassware 
 

3.8.2 Waste Freon 113 
 

3.8.2.1 Used in Total Petroleum Hydrocarbon extractions 
 

3.8.3 Waste Mixed Flammable Solvents 
 

3.8.3.1 Used in extractions 
 

3.8.4 Plants Scraps 
 

3.8.4.1 Solid wastes, such as filters, left from laboratory processes 
 

3.8.5 Flammable Solvents in Vials 
 

3.8.5.1 Very small or unopenable vials produced by GC, GC/MS, and 
other labs 

 
3.8.6 019 Waste 

 
3.8.6.1 Acidic extraction waters, purged water samples, and waste mixed 

acids that don't meet RCRA metal regulations, contain solvents 
or are otherwise contaminated, and are ineligible for disposal to 
the sewer system 

 
3.8.7 Waste Mixed Acids 

 
3.8.7.1 Cyanide distillations, ICP, AA instruments, digestates, and 

glassware acid bath 
3.8.8 Waste Sodium Hydroxide and Cyanide 

 
3.8.8.1 Cyanide distillations 

 
3.8.9 Purged Soil Samples 

 
3.8.9.1 Expired solid samples from the sample cooler 

3.8.10 Empty Sample Containers 
 

3.8.10.1 A non-hazardous waste stream from the purged water samples 
and other sources 
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3.8.11 Broken Glassware 

 
3.8.11.1 A non-hazardous waste stream that comes from all laboratory 

processes and glassware prep. 
 

3.8.12 Expired Chemicals 
 

3.8.12.1 Expired reagents and standards from all labs 
 

3.8.13 Purged Water Samples 
 

3.8.13.1 Expired water samples from the sample cooler 
 

3.8.14 Other 
 

3.8.14.1 The Chemical Hygiene Officer and the Hazardous Waste 
Technician will specify other waste streams as needed. 

 
3.9 Waste Disposal Companies 

 
3.9.1 To prevent improper disposal, the licensed companies that dispose of this 

laboratory's hazardous waste perform additional testing before disposal to 
determine the contents of the shipment containers. 

 
3.10 RCRA – Resource Conservation and Recovery Act 

 
3.11 DOT – Department of Transportation 

 
4.0 Safety 
 

4.1 Emergency Procedures 
 

4.1.1 Contingency Plan 
 

4.1.1.1 All emergency procedures may be found in the facility's 
Contingency Plan. 

 
4.2 Appropriate protective equipment and clothing must be used under the 

assumption that all samples are potentially hazardous.  Safety glasses, gloves and 
lab coats are a minimum requirement.  The persistent presence of noxious odors 
may be indicative of failure of the laboratory ventilation system and must be 
reported to a supervisor or manager. 
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4.3 Laboratory staff are encouraged to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets for reagents used in the 
laboratory. 

 
5.0 Equipment & Supplies 
 

5.1 Moving Equipment 
 

5.1.1 The solvent storage/waste staging room is stocked with equipment, such 
as handtrucks and a drum cart, to help in the movement of containers of 
waste. 

 
5.2 Waste Compactor 

 
5.2.1 An electric compactor is located outside and is used to compact the purged 

soil sample and empty sample container waste streams. 
 
6.0 Sample Collection, Preservation, & Storage 
 

N/A 
 
7.0 Quality Control 
 

7.1 Disposal Arrangements 
 

7.1.1 All waste is handled in compliance with all applicable local, state, and 
federal laws.  A licensed waste disposal company (or companies) is 
contracted to dispose of hazardous wastes. 

 
7.2 Compliance with Federal Regulations 

 
7.2.1 The laboratory is required to comply with applicable parts of the 

regulations listed in Section 11.0 of this SOP. 
 

7.3 All personnel receive training by the Human Resources department covering 
“Right to Know”, the Chemical Hygiene Plan, OSHA Standards, and the 
Contingency Plan/Emergency Action Plan. 

 
7.4 Employees identified as hazardous waste handlers or managers receive additional, 

more specific training including hazardous waste management, RCRA and DOT 
regulations, and managing hazardous waste and used oil, for example.  Continued 
training is required to be received on an annual basis and may be administered 
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internally by trained laboratory staff or through an external provider.  An example 
of the training checklist used for internal training is provided as Attachment 1.  
Certificates and other documentation are maintained in the employee training 
files. 

 
7.5 Logbook Review 

 
7.5.1 All logbooks are reviewed by the manager and audited on a periodic basis 

by the Quality Assurance department. 
 
8.0 Calibration & Standardization 
 

N/A 
 
9.0 Procedure 
 

9.1 Documentation Requirements 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedure.  Documentation requirements include the following. 

 
9.1.1 Hazardous Waste Manifest 

 
9.1.1.1 A North Carolina Hazardous Waste Manifest (Attachment 2) is 

completed and accompanies all shipments to the licensed 
hazardous waste contractor.  The manifest is signed by the 
generator of the hazardous waste and the transporter to 
acknowledge receipt of the materials.  When the materials have 
been disposed of, a completed copy of the manifest with 
signatures from the disposal facility is returned to the laboratory.  
The Hazardous Waste Technician maintains a file of these 
records. 

 
9.1.2 Sample Accident Report (Attachment 3) and Spill Report (Attachment 4) 

 
9.1.2.1 The Sample Accident Report and Spill Report must be 

completed for each event and are administered by the Chemical 
Hygiene Officer. 

 
9.1.2.2 Spills are handled according to the guidelines in Hazardous 

Waste Management and Safety SOP 12.2, “Spill Control and 
Cleanup”. 
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9.1.3 Inspection Logs 
 

9.1.3.1 The following logs must be maintained: 
 

9.1.3.1.1 Outside 90-day Storage Area Daily Inspection. 
Logbook 18D (Attachment 5). 

 
9.1.3.1.2 Inside 90-day Storage Area Daily Inspection 

Logbook. 
 

9.1.3.1.3 Manifest Tracking Logbook 18E (Attachment 6). 
 

9.2 Disposal by Waste Stream 
 

The procedure for handling each kind of waste stream is described below.  
Grounding procedures are described and diagrammed in Attachment 7 and 
Attachment 8. 

 
9.2.1 Waste Freon 113 

 
9.2.1.1 Disposal Container 

 
9.2.1.1.1 Use a DOT-approved steel 55-gallon closed-head 

drum for shipment. 
 

9.2.1.2 Personal Protective Equipment 
 

9.2.1.2.1 Wear a lab coat, full-face respirator (or half-face 
respirator with safety glasses or face shield) and 
appropriate gloves. 

 
9.2.1.3 Method 

 
9.2.1.3.1 Transfer the Freon 113 into the satellite container 

by either pouring or pumping.  Fill to within about 
two inches of the top of the drum. 

 
9.2.1.4 Storage Location and Labeling 

 
9.2.1.4.1 Filled containers should be taken to the outside 

storage area and labeled as directed in Section 9.3.2 
of this SOP.  Place a drain mat over any drain 
enroute to the outside storage area. 
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9.2.2 Waste Mixed Flammable Solvents 

 
9.2.2.1 Special Instructions 

 
9.2.2.1.1 Use grounding method #1 when pouring from mixed 

flammable solvent satellite containers into the 55-
gallon drum.. 

 
9.2.2.2 Disposal Container 

 
9.2.2.2.1 Use a DOT-approved steel 55-gallon closed-head 

drum for shipment. 
 

9.2.2.3 Personal Protective Equipment 
 

9.2.2.3.1 Wear a lab coat, safety glasses, and appropriate 
gloves.  A respirator may also be used. 

 
9.2.2.4 Method 

 
9.2.2.4.1 Transfer the solvents from the satellite container 

into the drum by pouring.  Fill to within about two 
inches of the top of the drum. 

 
9.2.2.5 Storage Location and Labeling 

 
9.2.2.5.1 The filled container should be taken to the outside 

storage area and be labeled as directed in Section 
9.3.3 of this SOP.  Place a drain mat over any drain 
enroute to the outside storage area. 

 
9.2.3 Plant Scraps 

 
9.2.3.1 Disposal Container 

 
9.2.3.2.1 Use a DOT-approved 55-gallon open-head steel 

drum or plastic drum. 
 

9.2.3.2 Personal Protective Equipment 
 

9.2.3.2.1 Wear a lab coat, safety glasses, and appropriate 
gloves. A respirator may also be used.  
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9.2.3.3 Method 

 
9.2.3.3.1 Transfer the plant scraps from the satellite container 

into the steel drum.  Use the inner liner of a satellite 
container or some other flat object to compact the 
plant scraps so that as much waste as possible may 
be placed in a container.  Compacting is optional. 

 
9.2.3.4 Storage Location and Labeling 

 
9.2.3.4.1 Filled containers should be taken to the outside 

storage area and be labeled as directed in Section 
9.3.4 of this SOP. 

 
9.2.4 Flammable Solvent in Vials 

 
9.2.4.1 Disposal Container 

 
9.2.4.1.1 Transfer the vials from the satellite container into a 

DOT-approved 55-gallon open-head steel drum. 
 

9.2.4.2 Personal Protective Equipment 
 

9.2.4.2.1 Wear a lab coat, safety glasses, and appropriate 
gloves. 

 
9.2.4.3 Storage Location and Labeling 

 
9.2.4.3.1 Filled containers should remain in the solvent 

storage/waste staging room and be labeled as directed 
in Section 9.3.5 of this SOP. 

 
9.2.5 019 Waste 

 
9.2.5.1 Disposal and Storage Containers 

 
9.2.5.1.1 Transfer 019 waste from satellite containers into a 

DOT-approved steel 55-gallon closed-head drum or 
plastic drum. 

 
9.2.5.2 Purged Water Samples 
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9.2.5.2.1 Transfer liquid samples from cooler.   Empty the 
sample bottles by purging directly into a DOT-
approved 55-gallon closed-head drum.  Dispose of 
the empty sample container according to section 
9.2.10. 

 
9.2.5.3 Personal Protective Equipment 

 
9.2.5.3.1 Wear a lab coat, safety glasses, and appropriate 

gloves. A respirator may also be used. 
 

9.2.5.4 Storage Location and Labeling 
 

9.2.5.4.1 Filled containers should be taken to the outside 
storage area and labeled as directed in Section 9.3.6 
of this SOP. Place a drain mat over any drain 
enroute to the outside storage area. 

 
9.2.6 Waste Mixed Acids 

 
9.2.6.1 Storage Containers 

 
9.2.6.1.1 Transfer waste mixed acids from satellite containers 

into a 55-gallon non-metal, acid-resistant drum for 
storage. 

 
9.2.6.2 Personal Protective Equipment 

 
9.2.6.2.1 Wear a lab coat, safety glasses, and appropriate 

gloves. A respirator may also be worn. 
 

9.2.6.3 Storage Location and Labeling 
 

9.2.6.3.1 Filled containers should be taken to the outside 
storage area and labeled as directed in Section 9.3.7 
of this SOP.  Place a drain mat over any drain enroute 
to the outside storage area. 

 
9.2.7 Waste Sodium Hydroxide and Cyanide 

 
9.2.7.1 Storage Container 
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9.2.7.1.1 Transfer the waste sodium hydroxide and cyanide 
from satellite containers to a 55-gallon non-metal, 
corrosion-resistant drum for storage. 

 
9.2.7.2 Personal Protective Equipment 

 
9.2.7.2.1 Wear a lab coat, safety glasses, and appropriate 

gloves.  A respirator may also be worn. 
 

9.2.7.3 Storage Location and Labeling 
 

9.2.7.3.1 Filled containers should be taken to the outside 
storage area and labeled as directed in Section 9.3.8 
of this SOP.  Place a drain mat over any drain enroute 
to the outside storage area. 

 
9.2.8 Purged Soil Samples 

 
9.2.8.1 Disposal Container 

 
9.2.8.1.1 Place purged soil samples with containers into a 

DOT-approved 55-gallon, open-head steel drum. 
 

Note: The identifying labels, including client or 
project names and other information, must 
be removed prior to disposal. 

 
9.2.8.2 Personal Protective Equipment 

 
9.2.8.2.1 Wear a lab coat, safety glasses, and appropriate 

gloves. A face shield may also be worn.  
 

9.2.8.3 Storage Location and Labeling 
 

9.2.8.3.1 Filled containers should be moved to the outside 
storage area and be labeled as directed in Section 
9.3.9 of this SOP. 

 
9.2.8.4 Foreign Soil and Domestic Quarantine Soil Samples 

 
9.2.8.4.1 All samples arriving from outside the continental 

United States and from quarantined areas of the 
continental United States, are to be heated to 500 °F 
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for two minutes prior to being disposed in the 
manner that domestic soils are disposed.  These 
samples are identified by the presence of red- and 
white-striped tape on the sample container. 

 
• Option 1: Place the soil samples with container 

on a metal tray in the muffle furnace in 
the Sample Preparation Laboratory.  
Heat to 500°F for two full minutes.  
Dispose of the cooled samples in 
accordance with this SOP. 

 
• Option 2: Samples and sample containers may be 

placed in a 55 gallon, open-head steel 
drum marked “purged soil, foreign and 
domestic quarantine”.  This container 
can be shipped as is to a waste 
incineration facility that is permitted 
by the USDA for foreign and domestic 
soil disposal. 

 
Note: This includes the filter and residue, if TCLP 

leaching is done. 
 

9.2.9 Empty Sample Containers 
 

9.2.9.1 Storage Container 
 

9.2.9.1.1 Empty and broken sample containers should have 
labels removed and are then disposed of in a 
commercial dumpster. 

 
9.2.9.2 Personal Protective Equipment 

 
9.2.9.2.1 Wear a lab coat, safety glasses, and appropriate 

gloves. A face shield may also be worn. 
 

9.2.10 Broken Glassware 
 

9.2.10.1 Disposal Container 
 

9.2.10.1.1 Broken glassware will be transferred from the 
satellite container directly to a dumpster. 
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9.2.10.2 Personal Protective Equipment 

 
9.2.10.2.1 Wear a lab coat, safety glasses, and appropriate cut-

proof gloves (Kevlar, for example).  Also wear a 
pair of flexible gloves over the cut-proof gloves 
(latex, for example). 

 
9.2.10.3 Method 

 
9.2.10.3.1 Transfer the broken glassware container to the 

dumpster using the hand trucks.  Transfer the 
container into the dumpster. 

 
9.2.11 Expired Chemicals and Standards 

 
9.2.11.1 When a chemical reaches its shelf life, it must be disposed of 

as hazardous waste.  These chemicals should be boxed and 
given to the Hazardous Waste Technician for disposal.  The 
hazard class of each chemical should be provided to the Waste 
Technician with the chemicals so that the chemicals can be 
directed to the proper waste stream. 

 
9.2.11.2 Hazard Classes and Characteristics 

 
o Non-Halogenated Flammables – Acids 

 
o Halogenated Flammables – Bases 

 
o Pesticides – Poisons 

 
 

o Oxidizers – Reactives 
 
 

o Inorganics (dry) 
 
 

9.2.11.3 Disposal by Hazard Class 
 

9.2.11.3.1 Non-Halogenated Flammable 
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o Add to the mixed flammable solvent waste 
stream as described above. 

 
9.2.11.3.2 Halogenated Flammables 

 
o Must be lab-packed or bulked in a 5-gallon 

DOT-approved steel pail. 
 

9.2.11.3.3 Pesticides 
 

o Must be lab-packed 
 

9.2.11.3.4 Oxidizers 
 

o Must be stored away from organic material 
 

9.2.11.3.5 Inorganic Chemicals (dry) 
 

o Stable chemicals can be lab-packed for 
incineration. 

 
9.2.11.3.6 Acids 

 
o If clean, acids can be directed to the waste 

mixed acid stream for disposal to the sewer as 
described above.  Otherwise, they should be 
directed to the 019 waste stream. 

 
9.2.11.3.7 Bases 

 
o If clean, bases can be used to neutralize clean 

acid waste.  Otherwise, they should be lab-
packed for disposal by incineration. 

 
9.2.11.3.8 Poisons 

 
o Will be assessed for other characteristics and 

directed to the appropriate waste stream 
 

9.2.11.3.9 Reactives 
 

o If the chemical will react with water or air, or 
will produce a toxic gas when mixed with 
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another chemical, the material should be lab-
packed for disposal by incineration. 

 
9.2.12 Purged Water Samples 

 
9.2.12.1 Disposal Container 

 
9.2.12.1.1 For amber liters, gallons and plastics, see Section 

9.2.9. 
 

9.2.12.1.2 For volatile samples, the container and sample are 
placed in a 55-gallon drum marked “vials & acid.” 

 
9.2.12.2 Personal Protective Equipment 

 
9.2.12.2.1 Wear a lab coat, safety glasses, and appropriate 

gloves. 
 

9.2.12.3  Method 
 

9.2.12.3.1 The Sample Custodian is responsible for providing 
water samples to the Hazardous Waste Technician 
for disposal. The samples are bulked into the above-
described container.  Only clear samples are to be 
bulked.  Unclear samples are to be diverted to the 
019 water waste stream. 

 
9.2.12.4 Storage Location and Labeling 

 
9.2.12.4.1 Filled containers should be moved to the outside 

storage area and be labeled. 
 

9.2.12.4.2 See Section 9.2.6.3 for Waste Mixed Acids. 
 

9.2.13 Other Wastes 
 

9.2.13.1 All other wastes will be evaluated by the Safety Officer, the 
Hazardous Waste Technician, and if necessary by the 
contracted disposal company for the appropriate means of 
disposal. 

 
9.3 Labeling Requirements for Waste Streams 
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Examples of labels required for satellite accumulation containers and shipment 
containers can be found in Attachment 9 and Attachment 10. 

 
9.3.1 Waste Freon 113 

 
9.3.1.1 Satellite Accumulation containers must be labeled with the 

following information: 
 

9.3.1.1.1 Hazardous Waste Label 
 

9.3.1.1.2 Hazard Index: 
 

o Health: 2 
 

o Flammability: 1 
 

o Reactivity: 0 
 

9.3.1.2 Shipment Containers must be labeled according to 49 CFR 
172.101. 

 
9.3.2 Waste Mixed Flammable Solvents 

 
9.3.2.1 Satellite accumulation containers must be labeled with the 

following information: 
 

9.3.3.1.1 Hazardous Waste Label 
 

9.3.3.1.2 Hazard Index: 
 

o Health: 3 
 

o Flammability: 3 
 

o Reactivity: 0 
 

o Flammable Liquid Label 
 

9.3.2.2 Shipment Containers must be labeled according to 49 CFR 
172.101. 

 
9.3.3 Plant Scraps 
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9.3.3.1 Satellite accumulation containers must be labeled with the 
following information: 

 
9.3.3.1.1 Hazardous Waste Label 

 
9.3.3.1.2 Hazard Index: 

 
o Health: 4 

 
o Flammability: 3 

 
o Reactivity: 0 

 
o Cancer Hazard Label 

 
o Flammable Liquid Label 

 
9.3.3.2 Shipment containers must be labeled according to 49 CFR 

172.101. See Attachment 9 for these requirements. 
 

9.3.4 Flammable Solvent in Vials 
 

9.3.4.1 Satellite accumulation containers must be labeled with the 
following information: 

 
9.3.4.1.1 Hazardous Waste Label 

 
9.3.4.1.2 Hazard Index: 

 
o Health: 2 

 
o Flammability: 3 

 
o Reactivity: 0 

 
o Flammable Liquids Label 

 
9.3.4.2 Shipment containers must be labeled according to 49 CFR 

172.101. 
 

9.3.5 019 Waste 
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9.3.5.1 Satellite Accumulation containers must be labeled with the 
following information: 

 
9.3.5.1.1 Hazardous Waste Label with the words "019" 

 
9.3.5.1.2 Hazard Index: 

 
o Health: 3 

 
o Flammability: 2 

 
o Reactivity: 3 

 
o Corrosive Label 

 
o Oxidizer Label 

 
9.3.5.1.3 Sample bottles that contain 019 waste are not 

required to be labeled. 
 

9.3.5.2 Shipment containers must be labeled according to 49 CFR 
172.101. 

 
9.3.6 Waste Mixed Acids and Vials & Acid 

 
9.3.6.1 Satellite accumulation containers must be labeled with the 

following information: 
 

9.3.6.1.1 Hazardous Waste Label 
 

9.3.6.1.2 Hazard Index: 
 

o Health: 3 
 

o Flammability: 0 
 

o Reactivity: 2 
 

o Corrosive Label 
 

o Oxidizer Label 
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9.3.6.2 Storage Containers must be labeled with the following 
information:  

 
o Hazardous Waste Label b/w Non-hazardous Waste Label. 

 
o Accumulation Start Date 

 
9.3.7 Waste Sodium Hydroxide with Cyanide 

 
9.3.7.1 Satellite Accumulation containers must be labeled with the 

following information: 
 

9.3.7.1.1 Hazardous Waste Label 
 

9.3.7.1.2 Hazard Index: 
 

• Health: 3 
 

• Flammability: 0 
 

• Reactivity: 3 
 

9.3.7.1.3 Corrosive Label 
 

9.3.7.2 Storage containers must be labeled with the following 
information: 

 
9.3.7.2.1 Hazardous Waste Label b/w Non-hazardous waste 

label 
 

9.3.7.2.2 Accumulation Start Date 
 

9.3.8 Purged Soil Samples 
 

9.3.8.1 Shipment Containers must be labeled according to 49 CFR 
172.101. 

 
9.3.9 Empty Sample Containers 

 
9.3.9.1 These Shipment Containers do not have to be labeled.  To 

avoid confusion and inspection, they may be labeled with a 
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"Non-regulated Waste" label.  Do not fill in the information on 
this label. 

 
9.3.10 Broken Glassware 

 
9.3.10.1 The satellite accumulation container does not have to be 

labeled. To avoid confusion and inspection, it may be labeled 
with a “Non-regulated Waste” label. Do not fill in the 
information on this label. 

 
9.3.11 Expired Chemicals 

 
9.3.11.1 All expired chemicals will be lab-packed and, therefore, labels 

will be used in accordance with the characteristics of the 
chemicals. 

 
9.3.12 Other Wastes 

 
9.3.12.1 The Chemical Hygiene Officer and/or the Hazardous Waste 

Technician determine the appropriate labeling requirements. 
 

9.4 Accumulation and Storage Requirements  
 

9.4.1 Satellite Accumulation 
 

9.4.1.1 Time Limitations 
 

9.4.1.1.1 Waste may be accumulated for an indefinite time in 
satellite accumulation.  When the 55 gallon drum is 
full, it is to be dated and moved to 90 day storage.  
Once the drum is dated, it must be moved to the 90 day 
storage within 3 days. 

 
9.4.1.2 Volume Limitations 

 
9.4.1.2.1 No more than 55 gallons of total waste from the same 

waste stream may be accumulated in satellite containers 
in one storage area. For example, a laboratory may 
store flammable liquids in a 55-gallon drum, or it may 
store many containers whose volume equals 55 gallons.  

 
9.4.1.3 Labeling Limitations 
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9.4.1.3.1 Hazardous waste labels cannot be dated if they are in 
satellite accumulation.  See Section 9.3 of this SOP for 
satellite accumulation labeling requirements. 

 
9.4.2 Solvent Storage/Waste Staging Room 

 
9.4.2.1 Time Limitations 

 
9.4.2.1.1 Storage time is limited to 90 calendar days in this room. 

 
9.4.2.2 Labeling Requirements 

 
9.4.2.2.1 Accumulation Start Dates on hazardous waste labels 

must be filled in once the waste is stored in this room. 
See Section 9.3 of this SOP for solvent storage/waste 
staging room requirements. 

 
9.4.3 Outside Storage Area 

 
9.4.3.1 Time Limitations 

 
9.4.3.1.1 Storage time is limited to 90 calendar days in this area. 

 
9.4.3.2 Labeling Requirements 

 
9.4.3.2.1 Accumulation Start Dates on hazardous waste labels 

must be filled in once the waste is stored in the outside 
storage area. See also section 9.3 of this SOP for 
outside storage labeling requirements.  

 
10.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, NaOH, Zn Acetate, or H2SO4 are hazardous and 
must be neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the  Hazardous Waste Management and Safety SOPs located in the lab 
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11.0 References 
 

11.1 Resource Conservation and Recovery Act (RCRA) (40 CFR 261-271) 
 

11.2 Occupational Safety and Health Administration (OSHA) (29 CFR 1910.120 and 
1910.1200) 

 
11.3 Hazardous Materials Transportation Act (HMTA) (49 CFR 171-180: HM-181 and 

HM126F) 
 

11.4 Clean Water Act (CWA) (40 CFR 403.5) 
 

11.5 Superfund Amendments and Reauthorization Act (SARA) (40 CFR 355, 370) 
 

11.6 NC Hazardous Waste Rules (15A NCAC 13A: same as RCRA) 
 

11.7 Department of Agriculture (7CFR 301.81) 
 

11.8 QCSOP: Proper Documentation Procedures 
 
 
 

11.9 QCSOP: Numerical Data Reduction 
 

11.10 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 
American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
11.11 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

11.12 NELAC Standards, approved May 2001, plus revisions 
 

11.13 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
11.14 New York State Environmental Laboratory Approval Program, Certification 

Manual, June 2000. 
 

11.15 CompuChem Quality Manual, Revision 4, 12/10/03, plus revisions 
 

11.16 Sample Control SOP 4.1, “Receiving Samples” 
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11.17 Sample Control SOP 4.6, “Storing Samples” 
 

11.18 Hazardous Waste Management and Safety SOP 12.2, “Spill Control and Cleanup” 
 
12.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

12.1 Attachment 1 – Training Checklist  
 

12.2 Attachment 2 - NC Hazardous Waste Manifest 
 

12.3 Attachment 3 – Sample Accident Report  
 

12.4 Attachment 4 – Spill Report  
 

12.5 Attachment 5 – Outside 90-day Storage Area Daily Inspections Log  
 

12.6 Attachment 6 - Manifest Tracking Log  
 

12.7 Attachment 7 - Schematic of Grounding Method 1 
 

12.8 Attachment 8 - labels for satellite accumulation containers for waste streams  
 

12.9 Attachment 9 – hazardous waste shipment container labels, including a table of 
DOT-required labels per waste stream 
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Attachment 1 
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Attachment 2 
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Attachment 3 
 
 

SAMPLE ACCIDENT REPORT 
 

 

Date & Time accident occurred: ________________       / ____________ 
  
Employee(s) involved: __________________________________________ 
  
Was anyone injured?   Yes No  Name: ___________________ 
  
If yes, an injury report must be filled out in the Human Resources Department 
  
Where did accident occur? ______________________________________ 
  
What analyses were affected? ____________________________________ 
  
What was the cause of the accident? _______________________________ 
  

____________________________________________________________ 
  

____________________________________________________________ 
  

____________________________________________________________ 
  
  

Sample ID: _______________________________ CCN: _____________
  

Case: ____________________________________ SDG: ____________ 
  

Container size: ____________________________ Bottle ___ of ___ 
  
  

CSR Notified: ____________________________ Date: _____________ 
 

accform1 – 7/3/01:dce 

                     CompuChem
      a division of Liberty Analytical Corporation
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Attachment 4 
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Attachment 4 (continued) 
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Attachment 5 

COMPUCHEM a division of Liberty Analytical Corp Logbook 18 D 12 
Outside 90-Day Storage Area Daily Inspection Log 

Date (mm/dd/yy): _______________                           Inspector: ________________________ 
 
Please check off the following items to verify that each was completed. 
 

     Container Condition                                Leakage                    Bulging 
                                                                               Corrosion                 Closed 
 

     Lids, caps, & covers on drums 
 

     Container properly labeled and dated                                        Contents indicated on label 
                                                                                                                     “Hazardous Waste” label 
                                                                                                                     Accumulation date on container 
 

     Other Container Information                  Adequate aisle space present 
                                                                                Contents compatible 
 

     Spill kits                                                       Present 
                                                                                 Properly labeled 
 
Comments/Corrective Action: ________________________________________________ 
 ________________________________________________________________________ 
 
Date (mm/dd/yy): _______________                           Inspector: ________________________ 
Please check off the following items to verify that each was completed. 
 

     Container Condition                                Leakage                    Bulging 
                                                                               Corrosion                 Closed 
 

     Lids, caps, & covers on drums 
 

     Container properly labeled and dated                                        Contents indicated on label 
                                                                                                                     “Hazardous Waste” label 
                                                                                                                     Accumulation date on container 
 

     Other Container Information                  Adequate aisle space present 
                                                                                Contents compatible 
 

     Spill kits                                                       Present 
                                                                                 Properly labeled 
Comments/Corrective Action: ________________________________________________ 
 ________________________________________________________________________ 
 
 
Reviewed by: _______________________________                       Date: _________________ 
 
The presence of the employee’s ID number, or signature, on this log attests that strict compliance with the method’s SOP has 
occurred.  Any SOP deviations require documentation by the responsible employee together with the employee’s initials and the 
initials of the lab supervisor and a QA department representative, signifying approval of the deviation 
           9/24/04:jad 
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Attachment 6 
 

Manifest Tracking Log 
CompuChem a Division of Liberty Analytical Corporation  

 
Number Waste Shipped Company Date Sent Date 

Received 
 

     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     

 
Reviewed by: _________________________________ Date: _____________ 
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